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Abstract 

< Flight motor set 360L006 was launched at approximately 11:54 a.m. 

(£"*?*([ CDT/ (89:291: 16:53:40:020 GMT) on 18 October 1989 as part of NASA 
~ r , y; ^ space shuttle mission STS-34. As with all previous redesigned solid 

J 0 5 rocket motor launches, overall motor performance was excellent. 

All ballistic contract end item (CEI) specification parameters 
were verified with the exceptions of ignition interval and rise rates. 
Ignition interval and rise rates could not be verified due to the 
elimination of developmental flight instrumentation from fourth 
flight and subsequent, but the low sample rate data that were 
available showed nominal propulsion performance. All ballistic and 
mass property parameters closely matched the predicted values and 
were well within the required CEI specification levels that could be 
assessed, with the exception of the RH-motor vacuum-delivered 
specific impulse. It exceeds the upper-limit CEI specification due to 
a bias imposed on the raw data by the OPT/Taber gage measure- 
ment differences. Details are in Section 4.4.4. 

Evaluation of the ground environment instrumentation measure- 
ments again verified thermal model analysis data and showed agree- 
ment with predicted environmental effects. No launch commit 
criteria thermal violations occurred. 

Postflight inspection again verified superior performance of the 
insulation, phenolics, metal parts, and seals. Postflight evaluation 
indicated both nozzles performed as expected during flight, although 
splashdown loads tore the left-hand, 45-deg actuator bracket from 
the nozzle. All combustion gas was contained by insulation in the 
field and nozzle-to-case joints. 

Recommendations were made concerning improved thermal 
modeling and measurements. The rationale for these recommenda- 
tions, the disposition of all anomalies, and complete result details are 
contained; in this reports 
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1 /Introduction 


Solid rocket booster (SRB) ignition com- 
mand time for flight motor set 360L006 
was given at 89:291:16:53:40.020 GMT 
(approximately 11:54 a.m. CDT) on 
18 Oct 1989 at Kennedy Space Center 
(KSC), Florida, following a weather con- 
ditions launch scrub on 17 Oct 1989. 
This flight was the 31st space shuttle 
mission (mission designation STS-34) and 
the sixth redesigned solid rocket motor 
(RSRM) flight. The individual motor 
identification numbers were 360L006A 
(left-hand (LH)) and 360L006B (right- 
hand (RH)), indicating the cases were 
both lightweight. Additional case con- 
figuration details are addressed in Sec- 
tion 4.2. 

This volume, Volume I, of this 
report contains the Thiokol Corporation 
Flight Evaluation Working Group 
(FEWG) inputs submitted to United 
Space Boosters, Inc., (USBI) for incor- 
poration into the shuttle prime contrac- 


tors’ FEWG report (document MSFC- 
RPT-1578). An executive summary of 
lithe entire RSRM flight set 
performance and a one-to-one correlation 
of conclusions by objectives (and contract 
end item (CEI) paragraphs) are also in- 
cluded in this report. The detailed com- 
ponent volumes of this report (and the 
approximate timeline schedule from the 
launch date for volume release) are listed 
in Table 1-1. TWR-60062 is a flow 

report which starts from receipt of 
360L009 hardware at KSC, documenting 
aft booster buildup; RSRM stacking, in- 
cluding processing milestones and high- 
lights; stacking configuration; significant 
discrepancy reports, problem reports, etc. 

The subsections of this report 
volume that were submitted to USBI as 
part of the FEWG report are so desig- 
nated by the FEWG report paragraph 
number. 


Table 1-1. Component Volume Release Schedule 


Volume ; 

iilillf ■ Component 
Description 

lllllllil; • Interim . Release 

Final Release 

1 

System Overview 

NA 

Approximately 60 working days 
after launch 

II 

Case/Seals 

NA 

45 days after washout of last seg- 
ment at Clearfield facility (H-7) 

III 

Insulation/Weatherseals 

45 days after last field joint 
demate at Hangar AF (KSC) 

45 days after last factory joint dis- 
assembly at H-7 

IV 

JPS, Systems Tunnel, 
TPS, Heaters 

NA 

60 days after launch 

V 

Nozzle 

45 days after last internal nozzle 
joint demate 

90 days after final nozzle liner char 
and erosion measurements 

VI 

Igniter 

NA 

30 days after igniter disassembly at 
H-7 

VII 

Performance and Mass 
Properties 

NA 

30 days after last factory joint dis- 
assembly at H-7 
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2/Objectives 

The sixth Thiokol RSRM flight test ob- relation of conclusions by objectives (and 
jectives were intended to satisfy the CEI paragraphs) is included in Section 
requirements of CPW1-3600A, as listed 3.2 of this report, 
in parentheses below. A one-to-one cor- 


Qualification Objectives 


A. The ignition interval shall be between 202 and 262 milliseconds with a 
40 millisecond environmental delay after ignition command to the SRM 
Ignition Initiators (SR) in the S&A device up to a point at which the 
headend chamber pressure has built up to 563.5 psia (3.2. 1.1. 1.1). 

B. The maximum rate of pressure buildup shall be 115.9 psi for any 
10 millisecond interval (3.2. 1.1. 1.2). 

C. Verify that the thrust time performance falls within the requirements of 
the nominal thrust-time curve (3.2.1. 1.2.1 Table 1). 

D. Certify that the measured motor performance parameters, when corrected 
to a 60 °F Propellant Mean Bulk Temperature (PMBT), fall within the 
nominal value, tolerance and limits for individual flight motors (3.2.1. 1.2.2 
Table II). 

E. With a maximum PMBT difference of 1.4 °F between the two RSRMs on 
a Shuttle Vehicle, the differential thrust between the two RSRMs shall 
not be greater than the values given in Table III at any time during the 
periods shown. These differentials are applicable over the PMBT range of 
+ 40 to +90°F (3.2.1. 1.2.3). 

F. Certify that the thrust time curve complies with impulse requirements 
(3.2. 1.1. 2.4). 

G. Certify that specified temperatures are maintained in the nozzle to case 
joint region during the countdown LCC time period (3.2.1.2.1.f). 

H. The case segment mating joints shall contain a pin retention device 
(3.2.1.3.g). 

I. Verify that the S&A devices perform as required using the specified 
power supply (3.2. 1.6. 1.2). 

J. Verify that the OFI is capable of launch readiness checkout after the 
ground system has been connected on the launch pad (3.2. 1.6.2). 

K Certify the proper operation of the Operational Pressure Transducer 
(OPT) during flight (3.2. 1.6.2. 1). 
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L. The Ground Environment Instrumentation (GEI) shall monitor the 
temperature of the SRBs while on the ground at the pad. It is not re- 
quired to function during flight. These instruments will be monitored on 
the ground through cables with liftoff breakaway connectors (3.2. 1.6.2. 3). 

M. When exposed to the thermal environments of 3.2.7.2, the system tunnel 
floorplates and cables will be maintained at a temperature at or below 
that specified in ICD 3-44002 (3.2.1.10.1). 

N. Certify the performance of the field joint heater and sensor assembly so 
that it maintains the case field joint at 75°F minimum. Field joints shall 
not exceed 130°F (3.2. 1.11. a). 

O. Certify that each field joint heater assembly meets all performance re- 
quirements (3.2.1.11.1.2). 

P. Demonstrate isolation of subsystem anomalies if required on fifth flight 
(360H005) hardware (3.2. 3.3). 

Q. Demonstrate the RSRM capability of vertical disassembly if required 
(3.2.5. 1). 

R. The RSRM and its components will be adequately protected, by passive 
means, against natural environments during transportation and handling 
(3.2.8.C). 

S. Demonstrate the remove and replacement capability of the functional line 
replaceable unit (3.4.1). 

T. Certify the performance of the igniter heater so it maintains the igniter 
gasket rubber seals between 64° and 130 °F (3.2. 1.5.3). 


Objectives by Inspection 


A. Inspect all RSRM seals for performance (3.2.1.2). 

B. Inspect the seals for satisfactory operation within the specified tempera- 
ture range that results from natural and induced environments 

(3.2.1. 2. l.b). 

C. Inspect the factory joint insulation for accommodation to structural deflec- 
tions and erosion (3.2.1. 2. 2.a). 

D. Inspect the factory joint insulation for operation within the specified 
temperature range (3.2.1. 2. 2.b). 
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E. Verify that at least one virgin ply of insulation exists over the factory 
joint at the end of motor operation (3.2. 1.2.2. d). 

F. Verify that no leakage occurred through the insulation (3.2. 1.2. 2. e). 

G. Verify that the flex bearing seals operate within the specified temperature 
range (3.2.1.2.3.b). 

H. Verify that the flex bearing maintained a positive gas seal between its 
internal components (3.2.1. 2. 3.d). 

I. Verify that the ignition system seals operate within the specified tempera- 
ture range (3.2.1.2.4.b). 

J. Verify that the nozzle internal seals and exit cone field joint seals operate 
within the specified temperature range (3.2.1.2.5.b). 

K. Inspect the risers for damage or cracks that would degrade the pressure 
holding capability of the case (3.2.1.3.C). 

L. Inspect the flex bearing for damage due to water impact (3.2. 1.4.6). 

M. Verify that the environmental protection plug will withstand SSME shut- 
down, if incurred (3.2.1. 4. 7.b). 

N. Verify the performance of the nozzle liner (3.2.1.4.13). 

O. Inspect the ignition system seals for evidence of hot gas leakage 
(3.2. 1.5. a). 

P. Inspect the igniter for evidence of debris formation or damage (3.2. 1.5.2). 

Q. Inspect the seals for visible degradation from motor combustion gas 
(3.2.1. 8.1. l.d). 

R. Verify by inspection that the insulation met all performance requirements 
(3.2.1. 8.1. l.e). 

S. Inspect insulation material for shedding of fibrous or particulate matter 
(3.2. 1.8. 1.1. f). 

T. Inspect the joint insulation for evidence of slag accumulation 
(3.2.1.8.1.1.g). 

U. Inspect the Thermal Protection System (TPS) to insure that there was no 
environmental damage to the RSRM components (3.2. 1.8.2). 

V. Inspect for thermal damage to the igniter chamber and the adapter metal 
parts (3.2.1. 8.3). 

W. Verify that the case components are reusable (3.2.1.9.a). 
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X. Verify that the nozzle metal parts are reusable (3.2.1.9.b). 

Y. Verify through flight demonstration and a post-flight inspection that the 
flex bearing is reusable (3.2.1.9.c). 

Z. Verify that the igniter components are reusable (3.2.1.9.d). 

AA. Verify by inspection that the S&A is reusable (3.2. 1.9. e). 

AB. Verify by inspection that the OPTs are reusable (3.2. 1.9. f). 

AC. Inspect the case factory joint external seal for moisture (3.2.1.12). 

AD. Inspect the hardware for damage or anomalies as identified by the FMEAs 
(3.2.3). 

AE. Determine the adequacy of the design safety factors, relief provisions, 
fracture control, and safe life and/or fail safe characteristics (3.2.3. 1). 

AF. Determine the adequacy of subsystem redundancy and fail safe require- 
ments (3.2.3.2). 

AG. Inspect the identification numbers of each reusable RSRM part and ma- 
terial for traceability (3.3. 1.5). 

AH. Verify the structural safety factor of the case/insulation bond 
(3.3.6. 1.1.2.a). 

AI. Verify by inspection the remaining thickness of the case insulation 
(3.3.6.1.2.2, 3.3.6.1.2.3, 3.3.6.1.2.4, 3.3.6.1.2.6). 

AJ. Verify by inspection the remaining nozzle ablative thicknesses 
(3.3.6.1.2.7). 

AK. Verify the nozzle safety factors (3.3.6. 1.2.8). 

AL. Inspect metal parts for presence of stress corrosion (3.3.8.2.b). 
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3/Results Summary, Conclusions, 
and Recommendations 


3.1 Results Summary 

This section contains an executive 
summary of the key results from the 
flight data evaluation and postflight 
inspection. Additional information and 
details can be found in the referenced 
report sections or in the separate com- 
ponent volumes of this report. 


Problem Title/ 

MSFC IFA Noil '/ Description 


3.1.1 In-Flight Anomalies 

Five in-flight anomalies (IFA) relating to 
RSRM flight set 360L006 were identified. 
They are summarized below. 

The disposition and closeout state- 
ments of the IFAs are included in 
Section 4-1. 


livi!” Corrective Action;1:||| 
Closure 


STS-34-M-1 


STS-34-M-2 


STS-34-M-3 

STS-34-M-4 


STS-34-M-5 


During postflight inspection of the 
LH aft exit cone, 45-deg rock ac- 
tuator bracket was found to be 
broken/damaged 


LH SKM factory joint weatherseal 
forward edge unbonds 


Putty on RH outer igniter gasket 


K5NA unbond on aft edge of LH 
center field joint 


LH and RH aft dome EPDM blisters 


Problem not considered a flight safety 
concern, but a reuse issue only. No 
corrective action planned since this 
splashdown anomaly is considered a rare 
occurrence 

Adhesive failures imply the cause is 
surface contamination. Additional 
conscan and surface finish requirements 
have been added to ensure no future 
contamination 

Tighter putty layup and igniter instal- 
lation have been implemented based on 
Thiokol test results 

Unbond caused by debris hit during 
splashdown. Since unbond occurred after 
separation, there is no debris hazard to 
the orbiter and no impact relative to 
flight safety for future missions. JPS and 
K5NA inspections are performed as part 
of regular preflight assembly activities 

A review of OFF EPDM records and lab 
testing shows no condition which could 
have caused or contributed to this condi- 
tion. An adequate safety factor is 
maintained. No corrective action is 
planned 
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3.1.2 Mass Properties 

All SRM weight values were well within 
the CEI specification limits, as has been 
the case on all previous RSRM flight 
sets. Complete mass property values are 
included in Section 4.3 of this volume 
and Volume X of this report. 

3.1.3 Propulsion Performance 
(Ballistics) 

3. 1.3.1 Propellant Burn Rates/ 
Specific Impulse. The delivered burn 
rate for flight motor set 360L006 was 
0.372 in./sec (at 82 *F and 625 psia) for 
both motors, which was 0.002 in. /sec 
lower than predicted for the LH motor 
and 0.001 in./sec lower than predicted 
for the RH motor. The reconstructed 
vacuum specific impulse values were 
268.8 lbf* sec/lbm for the LH motor and 
269.6 lbf- sec/lbm for the RH motor at 
82 # F, which was within 0.2 percent for 
the LH motor and 0.5 percent for the 
RH motor of the predicted value of 268.4 
lbf* sec/lbm. 

3.1.3.2 CEI Specification Values. All 
impulse values, time parameters, and 
pressure thrust levels (all corrected to 
60 °F) again showed excellent agreement 
with the motor nominal performance 
requirements, with the exception that 
the RH motor, vacuum-delivered specific 
impulse exceeds the upper limit CEI 
specification. Current plans are to 
update the CEI specification to the new 
HPM/RSRM nominal. The higher values 
experienced are due to bias which is 
imposed on the raw data due to OPT/ 
Taber gage measurement differences. 
OPT gages (flight transducers) his- 
torically have measured lower values 
than Taber gages (approximately 0.4 
percent), and a bias is now imposed on 
the raw data which causes performance 
parameters to be higher. Actual value 
variations from the allowable CEI speci- 
fication limits were all within 2 percent. 
Thrust imbalance was also well within 
the specification limits for the required 
time periods. 


Due to elimination of development 
flight instrumentation (DFI), no high 
sample rate pressure data were available. 
Therefore, the CEI specification require- 
ment to verify ignition interval, pressure 
rise rate, and ignition thrust-time im- 
balance could not be addressed. A com- 
plete evaluation of all ballistic parameters 
is included in Section 4.4. 

3.1.4 S&A Device 

The safe and arm (S&A) device safe-to- 
arm rotation times were all within the 
minimum 2-sec requirement during the 
actual launch. The actual times, as 
recorded on the S&A device gages, are 
included in Section 4.10.4. 

3.1.5 Ascent Loads and Structural 
Dynamics 

Due to the elimination of DFI on motor 
set 360L006, no evaluation of the RSRM 
loading or vibration characteristics is 
possible. 

3.1.6 External TPS/Joint Heater 
Evaluation 

Postflight assessment results reported all 
thermal protection system (TPS) com- 
ponents to be in very good to excellent 
condition, with typical flight heat effects 
and erosion. National Space Transpor- 
tation System (NSTS) debris criteria for 
all missing TPS were not violated. 

All six field joint heaters performed 
adequately and as expected throughout 
the required operating periods. The RH 
center field joint primary heater failed 
the dielectric withstanding voltage (DWV) 
test after joint closeout, so the circuit 
was disabled and the redundant heater 
was used. A detailed TPS and heater 
evaluation is in Section 4.8. 

3.1.7 Aero/Thermal Evaluation 

3. 1.7.1 On-Pad Local Environments/ 
Thermal Model Verification. The 
on-pad local environments were indicative 
of October conditions (71° to 80 °F), with 
the ambient temperatures ranging from 
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69° to 85 °F. Windspeeds were slightly 
lower than the historical conditions, 
averaging approximately 8 kn. Wind 
direction began in a northeasterly 
direction and swung steadily southward 
to a southerly direction at the time of 
launch. 

No extreme outward cooling effects 
from external tank (ET) ciyogenic load- 
ing were noted (2° to 3*F) on the 
inboard region of 360L006B (RH). 

3. 1.7.2 Launch Commit Criteria/ 
Infrared Readings. No launch commit 
criteria (LCC) thermal violations were 
noted; all field and igniter joint heaters 
performed adequately. The aft skirt 
purge was not activated until T-15 min 
because of the warm ambient and 
component temperatures. 

Infrared measurements taken by the 
infrared gun during the T-3-hr ice/ 
debris pad inspection were found to be 
inconsistent with GEI and shuttle 
thermal imager (STI) readings. Due to 
this inconsistency which has been noted 
during previous countdowns, the data 
were not used or recorded by the Ice 
Team. The STI temperature 
measurements were used along with 
ground environment instrumentation 
(GEI) measurements to monitor solid 
rocket motor (SRM) surface 
temperatures. 

No thermal evaluation of the aft 
skirt area (as was done on RSRM Flights 
1 through 3) was possible due to DFI 
elimination. A complete aero/thermal 
evaluation is in Section 4.8. 

3.1.8 Instrumentation 

All 108 GEI measurements performed 
properly throughout the prelaunch phase. 
All GEI is disconnected by breakaway 
umbilicals at SRB ignition and are not 
operative during flight. All operational 
pressure transducers (OPT) functioned 
properly during flight and successfully 
passed the prelaunch calibration checks. 

The LH center field joint sensor at 
196 deg was damaged prior to the 
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beginning of the systems integration test 
(SIT) and provided no data during the 
countdown. No LCC occurred due to 
this failure since only two of the four 
sensors per joint are required. 

A complete discussion of GEI and all 
instrumentation is in Section 4.10. 

3.1.9 Postflight Hardware 
Assessment 

3. 1.9.1 Insulation. Postflight evalua- 
tion again verified excellent insulation 
performance, showing that the insulation 
effectively contained the motor combus- 
tion gas in the two case-to-nozzle joints 
and six field joints. No gas paths 
through the nozzle-to-case joint poly- 
sulfide adhesive or any other anomalous 
joint conditions were identified. The 
internal insulation in all six of the case 
field joints also performed as designed, 
with no anomalous conditions. There 
were three recordable clevis edge 
separations (over 0.1 in.). No evidence of 
hot gas penetration through any of the 
acreage insulation or severe erosion pat- 
terns was identified. Complete insulation 
performance evaluation is in Section 

4.11.1 of this volume and Volume III of 
this report. 

3. 1.9.2 Case. The case field joint sur- 
face conditions were as expected. Field 
joint fretting on this flight ranged from 
extremely light on most of the joints to 
locally heavy on one joint. The fretting 
was worst on both center field joints with 
the RH aft joint having the heaviest. 

Complete case evaluation results are 
in Section 4.11.2 of this volume and 
Volume II of this report. 

3.1.9.3 Seals. All internal seals per- 
formed well, with no heat effects, 
erosion, or hot gas leakage evident. No 
motor pressure reached the field or 
nozzle-to-case joint seal. Evaluation of 
the field and factory joints indicated the 
internal seal performed as expected dur- 
ing flight. A complete evaluation of seal 
performance is in Section 4.11.3 of this 
volume and Volume II of this report. 
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3.1.9.4 Nozzle/Thrust Vector Control 
Performance. Postflight evaluation 
indicated both nozzles performed as 
expected during flight, with typical 
smooth and uniform erosion profiles. 
Complete evaluation is in Section 4.11.4 
of this volume and Volume V of this 
report. 


Objective CEI Paragraph ■ Conclusions 


3.2 Conclusions 

The following list is the conclusions as 
they relate specifically to the objectives 
and the CEI paragraphs. Also included 
with the conclusion is the report section 
(in parentheses) where additional infor- 
mation can be found. 


Certify that the thrust-time per- 
formance falls within the 
requirements of the nominal 
thrust-time curve 

Certify that the measured motor 
performance parameters, when 
corrected to a 60° F PMBT, fall 
within the nominal value, toler- 
ance, and limits for individual 
flight motors 


Certify that the thrust-time 
curve complies with impulse 
requirements 


Certify that specified tempera- 
tures are maintained in the noz- 
zle-to-case joint region 


Certify that the ignition interval 
is between 202 and 262 msec 
with a 40-msec environmental 
delay after ignition command 


3.2.1. 1.2.1 — (See Nominal 

Thrust Time Curve) 


3.2. 1. 1.2.2 — The delivered per- 
formance values for each indi- 
vidual motor when corrected to 
a 60°F PMBT shall not exceed 
the limits specified... 


3.2.1. 1.2.4 — Impulse Gates 


Time 

Total Impulse 

(sec) 

(10E6 lb-sec) 

20 

63.1 Minimum 

60 

171.2 - 178.1 

Action 

293.8 

Time (AT) 

Minimum 


3.2.1.2.1.f — Nozzle-to-case joint 
O-rings shall be maintained 
within the temperature range as 
specified in ICD 2-0A002 (75°- 
120°F) 


3.2. 1.1. 1.1 — The ignition inter- 
val shall be between 202 and 
262 milliseconds with a 
40-milliseconds environmental 
delay after ignition command to 
the SRM Ignition Initiators (SII) 
in the S&A device up to a point 
at which the head-end chamber 
pressure has built up to 563.5 
psia 


Certified — The thrust-time per- 
formance was within the nomi- 
nal thrust-time curve (Figure 4- 
9) 

Partially Certified — All measur- 
able motor performance values 
were well within the specifica- 
tion requirements, with the ex- 
ception of the RH-motor 
vacuum-delivered specific impulse 
(Tables 4-9 and 4-10). The igni- 
tion interval and rise rates could 


not be measured 
elimination 

due to DFI 

Certified — 

The nominal thrust- 

time curve 
below. 

values 

are listed 

Time 

Value 

(sec) 

LH 

RH 

20 

66.02 

66.38 

60 

176.00 

176.56 

AT 

297.73 

298.25 


(Table 4-8) 

Certified — Temperature ranges 
in the nozzle-to-case joint region 
are: 

RH 80°-85*F 
LH 80°-83°F 
(Table 4-15) 

Unable to Certify — Due to DFI 
elimination (high sample rate 
pressure transducer) 


/{ 
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Objective 


Certify that the pressure rise 
rate meets specification require- 
ments 

Certify that the motor thrust 
differential meets specification 
requirements 


Certify that the S&A devices 
perform as required using the 
specified power supply 

Certify that the OFI is capable 
of launch readiness checkout 
after the ground system has 
been connected on the launch 
pad 


Certify proper operation of the 
OPT during flight 


Certify that the systems tunnel 
properly: 1) attaches to the case, 
2) accommodates the GFE and 
LSC, and 3) provides OFI, GEI, 
and heater cables 


Certify the performance of the 
field joint heater and the sensor 
assembly so it maintains the 
case field joint at 75°F mini- 
mum. Field joints shall not 
exceed 130°F 
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3.2. 1.1. 1.2 — The maximum rate 
of pressure buildup shall be 
115.9 psi for any 10 millisecond 
interval 

3.2. 1. 1.2.3 — With a maximum 
PMBT difference of 1.4° F be- 
tween the two RSRMs on a 
Shuttle Vehicle, the differential 
thrust between the two RSRMs 
shall not be greater than the 
values given in Table 3 at any 
time during the periods shown. 
These differentials are applicable 
over PMBT range of +40° to 
+ 90°F 

3.2. 1.6. 1.2 — Power Supply. The 
S&A device shall meet all per- 
formance requirements.... in ac- 
cordance with ICD 3-44005 

3.2. 1.6.2 — Instrumentation. The 
OFI shall be capable of launch 
readiness checkout after ground 
system connection on the 
launch pad. 


3.2. 1.6.2. 1 - The OPT shall 
monitor the chamber pressure 
of the RSRMs over the range 
from 0 to 1,050 ±15 psi. They 
shall operate in accordance with 
ICD 3-44005... 


3.2.1.10.1 — When exposed to 
the thermal environments of 
3.2.7.2, the tunnel floorplates 
and tunnel cables will be main- 
tained at a temperature at or 
below that specified in ICD 
3-44002 


3.2. 1.11. a — The case field joint 
external heater and sensor as- 
sembly shall maintain the case 
field joint O-ring seals between 
75° and 130° F at launch... 


Conclusions 


Unable to Certify — Due to DFI 
elimination (high sample rate 
pressure transducers) 

Unable to Certify — Due to DFI 
elimination (high sample rate 
pressure transducers) 


Certified — The rotation and 
arming times of both S&A 
devices were within the required 
limits (Section 4.10) 

Certified — The 0% and 75% 
calibration checks of the OFI 
verified launch readiness after 
ground system connection on 
the launch pad (Section 4.10) 


Certified — The OPTs properly 
monitored the chamber pressure 
and operated in accordance with 
ICD 3-44005 (Recorded pressure 
data and values are discussed in 
Section 4.4) 

Certified — Postflight evaluation 
showed no evidence of heat 
damage to the systems tunnel or 
adjacent cork, cables, and seams 
(Table 4-13). Proper case at- 
tachment and accommodation of 
the GFE, LSC, and cabling were 
also verified (Detailed systems 
tunnel evaluation in Volume IV 
of this report) 

Certified — The joint heaters 
maintained all field joint sensors 
between 91° and 109°F during 
the prelaunch period. Note: 
Field joint temperature sensors 
must read between 85° and 
122 °F to assure O-ring tempera- 
tures of 75° to 130 °F (Table 
4-15) 
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Conclusions 


Objective 

Certify that each field joint 
heater assembly meets all per- 
formance requirements 


Demonstrate isolation of subsys- 
tem anomalies if required on 
sixth flight (360L006) hardware 


Demonstrate RSRM capability of 
assembly/disassembly in both 
the vertical and horizontal posi- 
tions 


Demonstrate that the RSRM 
and its components are protec- 
ted against environments during 
transportation and handling 


Demonstrate remove and replace 
capability to the functional line 
replaceable unit (LRU) 


Certify the performance of the 
igniter heater so it maintains 
the igniter gasket rubber seals 
between 64° and 130 °F 


Certify by inspection all RSRM 
seals* performance 


3.2.1.11.1.2 — Power Supply. 
Each field joint external heater 
assembly shall meet all perform- 
ance requirements... as defined in 
ICD 3-44005 


3. 2.3.3 — Isolation of anomalies 
of time-critical functions shall 
be provided such that a faulty 
subsystem element can be 
deactivated without disrupting 
its own or other subsystems 

3.2.5. 1 -The RSRM shall be 
capable of assembly/disassembly 
in both the vertical and hori- 
zontal position. The RSRM 
shall be capable of vertical as- 
sembly in a manner to meet the 
alignment criteria of 
USBI- 10 183-0022 without a re- 
quirement for optical equipment 

3.2.8.C — The RSRM and its 
components. ..are adequately 
protected, by passive means, 
against natural environments 
during transportation and han- 
dling 


3.4.1 — The maintenance con- 
cept shall be to "remove and 
replace" ...in a manner which 
will... prevent deterioration of 
inherent design levels of relia- 
bility and operating safety at 
minimum practical costs 

3.2. 1.5.3 — The igniter heater 
shall maintain the igniter gasket 
rubber seals between 64° and 
130 °F 


3.2. 1.2 — Redundant, verifiable 
seals shall be provided for each 
pressure vessel leak path. Both 
the primary and secondary seals 
shall provide independent seal- 
ing capability through the entire 
ignition transient and motor 
burn without evidence of blowby 
or erosion 


Certified — All the field joint 
external heaters met all the 
performance requirements (Sec- 
tion 4.8.3). The RH center field 
joint primary heater failed the 
DWV test after joint closeout, so 
the circuit was disabled and the 
redundant heater was used 


RSRM vertical assembly in ac- 
cordance with USBI- 10 183-0022 
was demonstrated in the VAB 
prior to pad rollout. No vertical 
disassembly was required. Post- 
flight horizontal disassembly 
was accomplished at the Hangar 
AF (KSC) facilities 


There were no anomalous read- 
ings from the transportation 
monitor units, demonstrating 
that the RSRM and its com- 
ponents are protected against 
environments during transporta- 
tion and handling 

No LRU anomalies were 
detected on motor set 360L006, 
therefore no LRU changeouts 
were required 


Certified — The igniter heater 
maintained the igniter sensors 
at 83° to 98°F (RH) and 83° to 
102 °F (LH). Note: Igniter sen- 
sors must read between 66° and 
123 °F to assure igniter tempera- 
tures of 64° to 130 °F (Table 
4-15) 

Certified — No motor pressure 
reached any of the field or noz- 
zle/case joint seals. All seals 
that did have motor pressure 
reach them showed no evidence 
of heat effect, erosion, or blow- 
by (Section 4.11.3) 
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Objective 


Inspect the factory joint insula- 
tion for accommodation to 
structural deflections and 
erosion 

Certify that at least one virgin 
ply of insulation over factory 
joint at end of motor operation 


Certify the field and nozzle/case 
joint seals, factoiy joint insula- 
tion, flex bearing seals, ignition 
system seals, and nozzle internal 
seals operate within the speci- 
fied temperature range resulting 
from the natural and induced 
environments 


Certify that no leakage occurred 
through the insulation 


Verify by inspection no gas 
leaks occurred between the flex 
bearing internal components 


Inspect the risers for damage or 
cracks that would degrade the 
pressure holding capability of 
the case 
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.. CEI . Paragraph / ' j *. J Conclusions / 


3.2.1.2.2. a — Sealing shall accom- 
modate any structural deflec- 
tions or erosion which may 
occur 

3.2.1. 2.2. d — The insulation 
shall provide one or more virgin 
ply coverage at end of motor 
operation. The design shall 
perform the seal function 
throughout SRM operation 

3.2. 1.2. l.b — Field and Nozzle/ 
Case Joint Seals... 

3.2.1.2.2. b — Factoiy Joint In- 
sulation... 

3.2.1.2.3. b — Flex Bearing 

Seals... 

3. 2.1. 2.4. b — Ignition System 
Seals... 

3.2.1.2.5. b — Nozzle Internal 
Seals.. .shall be capable of 
operating within a temperature 
range resulting from all natural 
and induced environments... all 
manufacturing processes, and 
any motor induced 
environments 

3.2.1.2.2.e — The insulation used 
as a primary seal shall be ade- 
quate to preclude leaking 
through the insulation 


3.2.1.2.3.d — The flex bearing 
shall maintain a positive gas 
seal between its internal com- 
ponents 


3.2.1.3.C — The case shall con- 
tain risers for attaching the 
ET/SRB aft attach ring as de- 
fined in ICD 3-44004. The 
risers shall be part of the pres- 
surized section of the case and 
shall not degrade the integrity 
of the case 


The factoiy joint insulation 
remained sealed and accommo- 
dated all deflection and erosion 
(Section 4.11.1) 

Certified — Preliminary inspec- 
tions indicate adequate factoiy 
joint insulation ply coverage 
(Section 4.11.1) (Detailed in- 
sulation inspection results in 
Volume HI of this report) 

Certified — All field joint and 
nozzle-to-case joint seals, igni- 
tion system seals, and internal 
nozzle seals operated within all 
induced environments and 
showed no evidence of heat 
effects, erosion, or blowby 
(Section 4.11.3.). Evaluation 
indicates no anomalies with the 
factory joint insulation (Section 
4.11.1), or the flex bearing inter- 
nal seals (Detailed flex bearing 
evaluation in Volume II of this 
report) 


Certified — Preliminary inspec- 
tions showed no evidence of 
leakage through the factoiy 
joint insulation (Section 4.11.1). 
Detailed postflight evaluations 
are completed at the H-7 (Clear- 
field, UT) facility (Detailed 
results in Volume III of this 
report) 

Partially Verified — Preliminary 
inspection indicates the flex 
bearing maintained positive seal 
within its internal components. 
Detailed inspection to be com- 
pleted during flex bearing accep- 
tance testing 

No damage or adverse effects to 
the ET attach risers were noted 
during post-test inspection (Pre- 
liminary case inspection results 
are in Section 4.11.2, and final 
case evaluation is in Volume II 
of this report) 


St 
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Objective 


Inspect the case segment mating 
joints for the pin retention 
device 

Inspect the flex bearing for 
damage due to water impact 


Inspect the nozzle for the 
presence of the environmental 
protection plug 


Certify that the environmental 
protection plug will withstand 
SSME shutdown, if incurred 


Certify the performance of the 
nozzle liner. 

Note: SCN 49 proposes to 

change the CEI paragraph 
wedgeout requirement from 
"greater than 0.250 inch deep" 
to "yield a positive margin of 
safety" 


Inspect the ignition system seals 
for evidence of hot gas leakage 


Inspect the igniter for evidence 
of debris formation or damage 


Certify that the GEI can moni- 
tor the temperature of the SRBs 
while on the ground at the pad 
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Conclusions 


3.2.1.3.g — The case segment 
mating joints shall contain a pin 
retention device 

3.2. 1.4.6 — The nozzle assembly 
shall incorporate a nozzle snub- 
bing device suitable for prevent- 
ing flex bearing damage result- 
ing from water impact and shall 
not adversely affect the nozzle 
assembly vectoring capability 

3.2.1.4.7. a — The nozzle assem- 
bly shall contain a covering 
and/or plug to protect the 
RSRM.... during storage after as- 
sembly 

3.2.1.4.7. b — The nozzle assem- 
bly shall contain a covering 
and/or plug to protect the 
RSRM.. .in the event of an 
on-pad SSME shutdown prior to 
SRB ignition 

3.2.1.4.13 — The nozzle flame 
front liners shall prevent the 
formation of: 

a. Pockets greater than 
0.250 inches deep (as measured 
from the adjacent nonpocketed 
areas), 

b. Wedgeouts greater than 
0.250 inches deep, 

c. Prefire anomalies except as 
allowed by TWR- 16340 

3.2.1.5.a — The ignition system 
shall preclude hot gas leakage 
during and subsequent to motor 
ignition 

3.2. 1.5.2 — ...the igniter hard- 
ware and materials shall not 
form any debris... 


3.2.1. 6.2.3 - The GEI shall 
monitor the temperature of the 
SRBs while on the ground... 


The pin retention device on all 
joints performed as designed 
(Section 4.11.2) 

Preliminary . inspections indicate 
no anomalous conditions to the 
360L006A or 360L006B flex 
bearing 


Both nozzle assemblies con- 
tained an environmental 
protection plug, which burst 
into multiple pieces upon motor 
ignition 

Not Required to Certify — No* 
SSME shutdown was required 
during the actual launch se- 
quence 


Certified — No nozzle flame 
front liner erosion pockets 
greater than 0.25 in. were 
noted. All wedgeouts observed 
occurred postburn and do not 
affect liner performance. No 
prefire anomalies were found 
(Section 4.11.4) 


All ignition system seals, gas- 
kets, and sealing surfaces 
showed no evidence of heat 
effects, erosion, or blowby 
(Section 4.11.3) 

Preliminary indications show no 
evidence of any igniter debris 
formation (Complete evaluation 
in Volume VI of this report) 

Certified — Extensive monitoring 
of the GEI was done during the 
countdown to assess the SRM 
thermal environment and LCC 
(Detailed results are discussed in 
Section 4.8) 
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: Objective 


Inspect the seals for visible deg- 
radation from motor combustion 
gas 


Certify by inspection that the 
insulation met all performance 
requirements 


Inspect insulation material for 
shedding of fibrous or particu- 
late matter 


Inspect the joint insulation for 
evidence of slag accumulation 


Inspect the TPS to insure that 
there was no environmental 
damage to the RSRM compo- 
nents 


Inspect for thermal damage to 
the igniter chamber and the 
adapter metal parts 


CEI Paragraph 


Conclusions V 


3.2. 1.8.1. l.d — Insulation shall 
protect primary and secondary 
seals from visible degradation 
from motor combustion gas 


3.2.1.8.1.1. e — The insulation 

shall... meet all performance re- 
quirements under worst manu- 
facturing tolerances and geome- 
try changes during and after 
assembly and throughout motor 
operation 

3.2. 1.8. 1.1. f — Insulation mate- 
rials shall not shed fibrous or 
particulate matter during assem- 
bly which could prevent sealing 


3.2.1.8.1.1.g — The joint insula- 
tion shall withstand slag 
accumulation during motor oper- 
ation 

3.2. 1.8.2 — TPS shall insure that 
the mechanical properties of the 
RSRM components are not 
degraded when exposed to the 
environments... 


3.2. 1.8.3 — The igniter insulation 
shall provide thermal protection 
for the main igniter chamber 
and adapter metal parts to en- 
sure that RSRM operation does 
not degrade their functional 
integrity or make them un- 
suitable for refurbishment 


All motor combustion gas was 
contained by the insulation J-leg 
on the six field joints and the 
polysulfide adhesive on the two 
nozzle-to-case joints. No seals 
showed evidence of motor com- 
bustion gas degradation (Section 
4.11.1) 

Certified — Preliminary inspec- 
tion indicates the insulation met 
all the performance require- 
ments (Section 4.11.1) (Detailed 
inspection results are in Volume 
III of this report) 


No shedding of fibrous or par- 
ticulate matter during assembly 
was detected (Section 4.11.1 of 
this volume and Volume III of 
this report) 

No evidence of insulation 
damage due to slag accumulation 
was observed (Section 4.11.1 and 
Volume III) 

Postflight inspection revealed 
excellent TPS condition with no 
violation of any NSTS debris 
criteria. No thermal degradation 
of any RSRM component was 
noted (Section 4.8.3) 

Preliminary investigation 
revealed no thermal damage to 
the igniter due to lack of insula- 
tion functionality (Igniter details 
in Volume VI of this report) 
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Olyectiye 


Certify that the case components 
are reusable 


Certify that the nozzle metal 
parts are reusable 


Certify through flight demon- 
stration and a postflight inspec- 
tion that the flex bearing is 
reusable 


Certify that the igniter compo- 
nents are reusable 
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pHPsu^a^raph 


3.2.1.9.a — Reusability of... Case - 
Cylindrical, segments, stiffener 
segments, attach segments, for- 
ward and aft segments (domes), 
stiffener rings, clevis joint pins 


3.2.1.9.b — Reusability of... Noz- 
zle metal parts - boss attach 
bolts 


3.2.1.9.C — Reusability of... Flex 
bearing system - Reinforced 
shims and end rings, elastomer 
materials 


3.2.1.9.d — Reusability of...Igni- 
ter - Chamber, adapter, igniter 
port, special bolts 


Cbnclusions 


Cannot be Completely Certified 
(at this time) — All case com- 
ponent previous use histoiy is in 
Section 4.2. No damage was 
noted to any cylindrical seg- 
ments, attach segments, forward 
and aft domes, clevis joint pins, 
or the stiffener rings and seg- 
ments on 360L006B (RH). The 
360L006A (LH) motor stiffener 
ring sections and stubs sustained 
typical water damage (Section 
4.11.2). Left 45-deg rock actu- 
ator bracket was damaged at the 
aft exit cone during splashdown. 
Reuse criteria are not 
established until after refur- 
bishment (Detailed case com- 
ponent inspection results in 
Volume II of this report) 

Cannot be Completely Certified 
(at this time) — All nozzle metal 
parts previous use histoiy is in 
Section 4.2. Preliminary obser- 
vations showed no damage or 
corrosion to any nozzle reusable 
metal parts, with the exception 
of the left 45-deg rock actuator 
bracket which was damaged at 
the aft exit cone during splash- 
down (Section 4.11.4) (Any noz- 
zle metal parts that are deter- 
mined not to be reusable are 
discussed in Volume V of this 
report) 

Cannot be Completely Certified 
(at this time) — The flex bearing 
previous use history is in Section 
4.2. No apparent anomalies 
were observed with the 
360L006A (LH) or 360L006B 
(RH) flex bearing (Section 
4.11.4). Final reuse criteria 
cannot be determined until after 
flex bearing acceptance testing 

Cannot be Completely Certified 
(at this time) — All igniter com- 
ponent previous use histoiy is in 
Section 4.2. Preliminary post- 
flight inspection revealed noth- 
ing that would adversely affect 
reuse of any igniter part 
(Detailed inspection results in 
Volume VI of this report) 
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Objective 


Certify by inspection that the 
S&A is reusable 


Certify by inspection that the 
OPTs are reusable. 


Inspect the case factory joint 
external seal for moisture 


Inspect the hardware for damage 
or anomalies as identified by the 
FMEAs 


Determine the adequacy of the 
design safety factors, relief 
provisions, fracture control, and 
safe life and/or fail/safe charac- 
teristics 


Determine the adequacy of sub- 
system redundancy and fail/safe 
requirements 
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| CEI Paragraph •" i Conclusions 


3.2. 1.9.e — Reusability of... Safe 
& Arm Device 


3.2.1.9.f — Reusability of...Trans- 
ducers 


3.2.1.12— The factory joint 
external seal shall prevent the 
pre-launch intrusion of rain into 
the factory joints from the time 
of assembly of the segment until 
launch... The factory joint seal 
shall remain intact through 
flight and, as a goal, through 
recovery 

3.2.3 — The design shall mini- 
mize the probability of failure 
taking into consideration the 
potential failure modes identified 
and defined by Failure Modes 
Effects Analyses 

3.2.3. 1 — The primary structure, 
thermal protection, and pressure 
vessel subsystems shall be 
designed to preclude failure by 
use of adequate design safety 
factors, relief provisions, fracture 
control, and safe life and/or fail 
safe characteristics 


3.2.3.2 — The redundancy re- 
quirements for subsystems.. .shall 
be established on an individual 
subsystem basis, but shall not be 
less than fail safe... 


Cannot be Completely Certified 
(at this time) — The S&A 
previous use history is in Section 
4.2. Preliminary postflight in- 
spection revealed nothing that 
would adversely affect reuse of 
any S&A part (Detailed inspec- 
tion results in Volume VI of this 
report) 

Cannot be Completely Certified 
(at this time) — The OPT 
previous use history is in Section 
4.2. All pressure data and pre- 
liminary postflight inspection 
indicate no issues that would 
adversely affect OPT reuse. 
Final OPT reuse criteria are es- 
tablished after refurbishment 
and calibration by the metrology 
lab 

The external weatherseal 
protected the case adequately 
from assembly until launch. 
Two of the 14 factory joint 
weatherseals showed signs of aft 
edge unbonds (Detailed weather- 
seal evaluation in Volume III of 
this report) 


No hardware damage or 
anomalies identified by FMEAs 
were found (Specific inspection 
results are in the individual 
component volumes of this 
report) 

Postflight inspections verified 
adequate design safety factors, 
relief provisions, fracture con- 
trol, and safe life and/or 
fail/safe characteristics for the 
primary structure, thermal pro- 
tection, and pressure vessel sub- 
systems (as documented in this 
volume and the component 
volumes of this report) 

The RH center field joint pri- 
mary heater failed the DWV test 
after joint closeout, so the cir- 
cuit was disabled and the redun- 
dant heater was used and func- 
tioned properly 
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Objective 


Inspect the identification num- 
bers of each reusable RSRM part 
and material for traceability 


Verify the structural safety fac- 
tor (SF) of the case/insulation 
bond 


Verify by inspection the 
remaining insulation thickness 
of the case insulation 


Same as 3.3.6. 1.2.2 


Same as 3.3.6. 1.2.2 


Same as 3.3.6. 1.2.2 


Verify by inspection the 
remaining nozzle ablative 
thicknesses 


Verify the nozzle SFs 
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CEI 


3.3. 1.5 — Traceability shall be 
provided by assigning a trace- 
ability identification to each 
RSRM part and material and 
providing a means of correlating 
each to its historical records... 


3.3.6. 1.1.2.a — The structural SF 
for the case/insulation bonds 
shall be 2.0 minimum during the 
life of the RSRM 


3.3.6. 1.2.2 — The case insulation 
shall have a minimum design 
safety factor of 1.5, assuming 
normal motor operation, and 
1.2, assuming loss of a castable 
inhibitor 

3.3.6. 1.2.3 — Case insulation ad- 
jacent to metal part field joints, 
nozzle/case joints, and extending 
over factory joints shall have a 
minimum safety factor of 2.0 

3.3.6. 1.2.4 — Case insulation in 
sandwich construction regions 
(aft dome and center segment 
aft end) shall have a minimum 
safety factor of 1.5 

3.3.6. 1.2.6 — Insulation perform- 
ance shall be calculated using 
actual pre- and post-motor oper- 
ation insulation thickness 
measurements 

3.3.6. 1.2.7 — The minimum de- 
sign safety factors for the nozzle 
assembly primary ablative 
materials shall be as listed 
below... (Values not included 
here, as detailed results are not 
available at this writing) 

3.3.6. 1.2.8 — The nozzle per- 
formance margins of safety shall 
be zero or greater... 


Concli^ipns 


Inspection numbers for trace- 
ability of each RSRM part and 
material are provided, and are 
maintained in the Automatic 
Data Collection and Retrieval 
computer system (The past his- 
tory of all RSRM parts used is 
in Section 4.2) 

Verification of a 2.0 SF cannot 
be done by inspection, however, 
flight performance verified an 
SF of at least 1. Case/insulation 
bond and adhesive bond SF of 
2.0 are verified by analysis (doc- 
umented in TWR-16961) 

Detailed postflight insulation 
inspections are performed at the 
Clearfield H-7 facility (Results 
and verification of SFs are in 
Volume III of this report) 


See above statement 


See above statement 


Standard measurement tech- 
niques were used for final evalu- 
ation (as discussed in Volume III 
of this report) 


Preliminary inspections indicate 
nozzle ablative thicknesses were 
within design safety factors (Sec- 
tion 4.11.4) (Detailed results are 
in Volume V of this report) 


Verification of SFs cannot be 
done by inspection. Nozzle mar- 
gins of safety will be discussed 
in Volume V of this report. 
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• Objective 


Inspect metal parts for presence 
of stress corrosion 


3.3.8.2.b — The criteria for 
material selection in the design 
to prevent stress corrosion 
failure of fabricated components 
shall be in accordance with 
MSFC-SPEC-522 and 
SE-019-094-2H 


Inspection of metal parts for the 
presence of stress corrosion 
cannot be done visually but will 
be accomplished during refur- 
bishment (Any stress corrosion 
found will be reported in 
Volume II of this report) 


3.3 Recommendations 

Following is a summary of the aero/ 
thermal recommendations made con- 
cerning flight set 360L006 (also see 
Section 4.8.4). For additional background 
information see the referenced sections. 

3.3.1 GEI Prediction. Aero/Thermal 
is anticipating submodel development 
effort for the areas of the ET attach 
ring, field joint, factory joint, systems 
tunnel, igniter, and nozzle regions to 
improve predictions. These areas would 
be encompassed by the global model. 
The nodes need to be made smaller to 
refine the model. If the model cannot 
be satisfactorily refined, all systems with 
heaters will remain a separate model, 
since at this time these separate models 
are more accurate. 

3.3.2 Aft Skirt Conditioning. It is 
recommended that the aft skirt con- 
ditioning gas temperature be monitored 
as it enters the aft skirt compartment. 
During cold weather this would allow the 
use of a higher operating temperature 
and at the same time not violate the 
115°F maximum within the com- 
partment. 


3.3.3 GEI Accuracy. It is recom- 
mended that the GEI data collection 
accuracy be increased by reducing the 
gage range and increasing the digital 
word length. The real fidelity of the 
KSC ground support equipment could 
then be quantified and conceivably 
replaced if determined to be inadequate. 

3.3.4 Local Chilling. Based on data 
from STS-28 (360L005), STS-29R 
(360L003), and STS-30R (360L004), local 
cooling does occur. A method is being 
developed by Thiokol personnel to 
accurately quantify and predict the chill 
effect. 

3.3.5 Infrared Measurements. It is 
recommended with future flights, that 
half-hour STI-versus-GEI direct com- 
parisons be made and documented. 
(Comparisons with GEI are within accep- 
table margins for STI data, but are 
questionable and unpredictable for in- 
frared gun data.) 

3.3.6 Ice/Debris Team Support. 
Thiokol personnel currently supporting 
the ice/debris team should be 
maintained. 
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4/Flight Evaluation Results and Discussion 


4.1 RSRM In-Flight 
Anomalies 

(FEWG Report Para 2.1.2) 

The summary sheets for five IFAs per- 
taining to flight set 360L006 follow. The 
IFA description, discussion, conclusion, 
corrective actions, and closeout signature 
of the Level II PRCB chairman are in- 
cluded. No IFA was considered to be a 
flight constraint. As a result of IFA 
STS-34-M-3 (putty on RH outer igniter 
gasket), STS-33 (360L007) RH igniter was 
removed at the pad on 4 Nov 1989 to 
apply the putty according to the new 
controls. All subsequent motors are not 
affected since their igniters were 
installed with the new putty layup 
procedures. 

4.2 RSRM Configuration 
Summary 

(FEWG Report Para 2. 1.3.2) 

4.2.1 SRM Reuse Hardware 

The case segment reuse history for flight 
motors 360L006A and 360L006B is in 
Figures 4-1 and 4-2, respectively. 
Figures 4-3 through 4-6 show the left 
and right igniter and nozzle part reuse, 
respectively. Nozzle snubber segments 
were new. Stiffener ring reuse is in 
Figure 4-7 and Table 4-1. 

4.2.2 Approved RSRM Changes and 
Hardware Changouts 

A summary of the changes made since 
360H005 (STS-28R) follows. Complete 
descriptions of these changes are docu- 
mented in Thiokol document TWR- 19959 
(Redesigned Solid Rocket Motor Flight 
Readiness Review, Level III). 

Four Class I hardware changes since 
360H005 (STS-28R): 

• Replace existing igniter bolts with new 
higher strength bolts — ECP SRM- 
1720R3 Criticality 1. Previous design 
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did not meet CEI specification for 
safety factors. Previous flights allowed 
by RDW-0579 

• Modify special bolt eddy current 
acceptable flaw size, surface finish, and 
storage requirements — ECP SRM- 
1746R1 Criticality 1. Large number of 
discrepancy reports due to cosmetic 
defects 

• Change nozzle leak check port plug 
from a nonlocking plug to one with a 
locking feature — ECP SRM- 1805 
Criticality 1R. Requirement to provide 
locking feature for all fasteners in 
accordance with CPW1-3600, Para 
3.3.6.10 

• Change field joint leak check port plug 
from a nonlocking plug to one with a 
locking feature — ECP SRM- 1940 
Criticality 1. Requirement to provide 
locking feature for all fasteners in 
accordance with CPWl-3600, Para 
3.3.6.10 

4.2.3 Critical Process and OMRSD 
Changes 

As a result of studies conducted by the 

flex bearing process task force, 

11 process changes were instituted: 

• Reduced size of adhesive and tycement 
mixes to a quantity which will be 
entirely held in the spray system 
reservoir — OCR 139992. Changed to 
guarantee constant agitation of 
adhesives and tycement between spray 
applications, preventing improper 
suspension of solids 

• Added cycling of adhesives through 
lines into main bucket for a minimum 
of 30 sec prior to spraying adhesives 
on each component — Revision 3 to 
CPI submitted 3 Aug 1989. Ensures 
proper dispersal of solids in adhesives 
prior to spraying on components 

• Changed rubber sheet end-cut from 
butt joint to skived overlapped 
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(ST8-33R ISSUE) 

FLIGHT PROBLEM REPORT 


HO. ST3-34-M-1 


Statement of Problem: 

Left SRM rock actuator bracket damage 


Discussion: Q 

During poatf light inspection of the left SRM aft exit cone, the 45 rock 
actuator bracket was found to be broken/ damaged . Part of the bracket 
remained on the aft exit cone shell, part on the compliance ring, and part 
remained with the actuator itself. The part of the bracket remaining on the 
actuator had a section of the aft exit cone shell (approximately 16” by 6 ,r ) 
still attached. 

There were no reported functional anomalies during flight associated with 
the actuator and nozzle vectoring. Visual examination of the actuator 
bracket by structures engineering indicated that there was no crack growth 
or stress corrosion growth prior to failure. Also, no soot was observed on 
the painted surfaces between the bracket and aft exit cone, indicating a 
splashdown failure. 


Conclusions: 

It was concluded that the actuator damage resulted from splashdown loads. 
The actuation system is incapable of producing a load large enough to fail 
the bracket. The maximum actuation (stall) load is 103,424 Ibf . An 
actuator bracket has been prooftested to 195,132 lbf (tensile load) with an 
additional 20,000 lbf (side load). A structural integrity analysis of the 
bracket under flight loads confirms that positive margins of safety are 
maintained against failures by excessive stress and fracture (0.52 and 0.97 
respectively with a S.F. = 1.4). It was concluded that the water impact 
loads on this motor were the only loads of sufficient magnitude to fracture 
the bracket. The calm sea state condition may have contributed to the 
greater water impact loads. In addition, a delay in one of the main chutes 
may have resulted In a higher horizontal-drift velocity. 


Corrective Action: 

As a result of the above noted conclusions, this problem is not considered a 
flight safety concern, but a reuse issue only. No corrective actions are 
planned since the splashdown anomaly experienced by this segment is 
considered a somewhat rare occurrence. 


Effects on Subsequent Missions: 

This failure of the actuator bracket appears to be a materials reuse issue 
only with no impact on flight operation or flight safety. 


Approved : 



. OATI U W W b . 


* flhtB 


Personnel Assigned: ^ _ 

*sy 7 o-ry 

THIOKOL: Jack Leavitt/Craig Russell M8FC: B .Neighbors 


Resolution: The SRM Pro ject recommends Level II closure of this Ir ^* 

Future failure analysis /recurrence control will be tracked via Significant 
Problem Report (SPR)# DR4-5/175 in the MSFC PRACA system. 
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PAGE 01 OF 01 

PRCBD S44804F 

PRCB DATE 11/21/85 

CHANGE TITLE 

LEFT SRM ROCK 

ACTUATOR BRACKET DAMAGE 
1 



CHANGE PROPOSAL ( S ) NO. AND SOURCE 

STS- 3 4 ANOMALY TRACKING LIST 
FLIGHT PR NO. STS-34-M-1 


DOCUMENTS AFFECTED (NO. .TITLE. PARA) 


INITIATED BY: MSFC-ED35/B. NEIGHBORS 
LEVEL II BASELINE CHANGE DIRECTION: 


SUBMITTED BY I MSFC-SA43/C. RUTLAND 
OPR: WA 


MBE/LS 
BOARD i DAILY 

PRCBD S44804F IS ISSUED TO AUTHORI2E CLOSEOUT OF STS-34 ANOMALY 
NUMBER STS-34-M-1 PER THE ATTACHED PAGE(S). THIS DIRECTIVE 
LEVIES NO FORMAL PROGRAM ACTIONS. 


EFFECTIVITY : STS-34 


LEVEL II IMPACTS AUTHORIZED BY THIS DIRECTION: 
— SCHEDULE: NONE, — COST: NONE. 


ACTIONS: 

...NO FORMAL PROGRAM ACTION REQUIRED. 


—HEIGHT: NONE, 


AUTHORIZATION: 

/S/BREWSTER SHAW 


CHAIRMAN, LEVEL II PRCB 
BARS RPT 8020 


11/21/89 

DATE 

BARS NSTS FORM 4003 


** TOTAL PAGE . 02 ** 
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(ST8-33R ISSUE) 
FLIGHT PROBLXM REPORT 


Pago 1 of 2 
IF* KQ . STS-34-H-2 


Statement of Pro bleat: 

Left SRM Factory Joint Weatherseal Forward Edge Unbonds 


Discussion: 

The left SRM forward center segment factory joint weatherseal unbond is 
located at 0° approximately 6" circumferentially by 1.75 n deep. The 
second unbond was observed on the forward dome- to -cylinder factory joint 
weatherseal from 225 to 248 with a maximum axial depth of 2.05 
inches. Adjacent paint was pulled off from the case and attached to the 
weatherseal. Both factory joint unbonds are adhesive failures between the 
Chemlok 205 primer and the motor case. It is considered that the primer 
underneath the paint adjacent to the EPDM also experienced an adhesive 
failure. The investigation revealed no evidence of soot or heat effects. 
Both weatherseals were intact with no missing material- Although 
weatherseal unbonds (aft edge) have been observed and treated as IFAs on 
previous flights, this is the first documented instance of forward edge 
unbonds. Consequently, this problem has been elevated to the I FA category. 

Conclusions! 

The adhesive failure of the factory joint weatherseals implies the cause is 
the result of surface contamination. The STS-34 unbonds indicate only 
localized contamination (worst unbond less than 7\ of the total 
weatherseal). The structural assessment shows that flight loads are not 
sufficient to create a debris concern (S.F. > 6). Furthermore, a completely 
unbonded weatherseal would remain in place and intact during flight. 

Abnormal splashdown may have applied loads to the forward weatherseal 
edges. The booster appeared to have had a higher than usual horizontal 
drift velocity and fell over into the log mode much sooner than typical 
splashdowns. 

Corrective Action: 

A team has been established to identify and eliminate contamination 
sources. As corrective action, additional conscan and surface finish 
requirements have been added. This will include FTIR swabs and independent 
monitoring of the manufacturing process to identify and eliminate any 
possible anomalies. All pin retainer band cleaning will be done prior to 
assembly to also eliminate potential contami nan ts. 

For the next flight ( STS-33R) , a visual inspection and 0.005” shim stock 
edge probing were performed at TC prior to paint closeout of the factory 
joints. Also, a 100% visual inspection has been performed at KSC. The 
observed unbroken paint radius between the case and weatherseal is a good 
indicator of the seal’s capability to withstand on-pad moisture entry. 

Effects on Subsequent Missions: 

STS-34 unbonds indicated only localized con tain! nation. The final assessment 
indicated unbonda likely occurred at the abnormal splashdown noted above. 
Preflight inspections, postflight inspections , and improved manufacturing 
processes should eliminate this condition,, although this problem presents no 
flight operation concern or flight safety issue. 

Approved : 

SRB Manager / Dftte 

ptfrtu /flrr&etL' 
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( 8TS-33R ISSUE) 
FLIGHT PROBLEM REPORT 


Page 2 of 2 
I FA NO. STS-34-M-2 


Personnel Assigned: 

THIOKOL: Sally Harsh/Larry Allred MSFC : L . Hanks q? 

'jJ&U42- 

Resolution: The SRM Project recommends Level II closure of this IFA. 

Future failure analys±3/recurrence control will be tracked via Significant 
Problem Report (SPR)# DR4-5/176 in the MSFC PRACA system. 


ORIGINAL PAGE IS 
OF POOR QUALITY 


90339 - 12.23 


doc no. TWR- 17545 vol I 
pace 23 


77icc>&0€ 


CORPORATION 


SPACE OPERATIONS 


PCIN 4 4804 
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NSTS PROGRAM REQUIREMENTS 
IONTROL HOARD DIRECTIVE - LEVEL II 


PAGE 01 OF 01 
PRCB DATE * 


... — I 

■CHANGE TITLE 

LEFT SRM FACTORY JOINT WEATHERSEAL FORWARD EDGE UN30NDS ( IFA STS-34-M-2) 


! CHANGE PROPOSAL ( S ) NO. AND SOURCE DOCUMENTS AFFECTED ( NO. , TITLE, PARA ) 

I 

STS-34 ANOMALY TRACKING LIST 
S FLIGHT PR. NO. STS-34-M-2 


; INITIATED BY: MSFC-EH44/L. HANKS SUBMITTED BY: MSFC-SA51/R. MITCHELL 

LEVEL II BASELINE CHANGE DIRECTION: OPR: WA MBE/AR 

BOARD :OSB 

PRCBD S44804G IS ISSUED TO AUTHORIZE THE CLOSEOUT OF STS-34 ANOMALY 
NUMBER STS-34-M-2 PER THE ATTACHED PAGE(S). iFA STS-34-M-2 IS BEING 
DISPOSITIONED OUTSIDE THE REGULAR PRCB BASED ON ADEQUATE DISCUSSION 
| AT THE STS-33 FRR ON NOVEMBER 6-7, 1989. THIS DIRECTIVE LEVIES 
NO FORMAL PROGRAM ACTION. 

j EFFECTIVITY : STS-34 


LEVEL II IMPACTS AUTHORIZED BY THIS DIRECTION: --WEIGHT: NONE. 

--SCHEDULE: NONE, —COST: NONE. 


ACTIONS: 

NO FORMAL PROGRAM ACTION REQUIRED. 



OSKSINAL PAGE IS 
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FLIGHT PROBLEM REPORT 


Ho. STS-34-H-3 


Statement of Problem: 

Putty an STS-34 RH Outer Gasket 


Discussion: 

Upon removal of the RH igniter after the STS-34 flight, putty was found on 
the outer gasket aft face. The putty had^extruded into the void region 
upstream of the primary seal from the 234° location through 0° to 5°. 

The putty did not cross the crown of the primary seal. 


Conclusions: 

Though there was no leakage or blowby past the seal ( there was no blowhole 
in the putty), the seal is not designed to have putty in it. The concern 
regarding an anomaly of this nature is that the gasket's sealing capability 
might be impaired by the embedded putty. The sealing surface should be free 
of any contaminants. This is regarded as an igniter installation/processing 
problem and should be corrected. 


Corrective Action: 

There is potential for putty on the gasket on RH (B) 360L007 (STS-33) as 
there was on 360L006 (STS-34). Tighter putty layup and igniter installation 
controls have been implemented based on recent tests performed at Wasatch. 

A corrective action implementing these improved processes has already been 
implemented on STS-33 LH and STS-32 at XSC and was also implemented on 
STS-36 and subsequent igniter installations at Thiokol . STS-33 RH was 

in o oi»iX«ir foahiun to CTO *34* X* ho* rco oionu lcU the 

STS-33 RH igniter be removed, replaced and reinstalled using the new putty 
layup. 

Effects on Subsequent Missions: 

STS-33 RH igniter was removed at the pad on 4 November 1989 to apply the 
putty according to the new controls. 811 subsequent motors are not affected 
since their igniters were installed with the new putty layup procedures. 



THIOKOL: Dan Cooper/ James Seller -MSEC: B. CarrasqulUo 


Resolution: The SRM Project recomends Level 11 closure of this IFA. This 

problem (tracked via Significant Problem Report (SPR )# DR4-5/177) has been. 
DEFERRED in the MSFC PRACA system for STS-33R. STS-32 and STS-36 on 
11/16/89. 


ORIGINAL PAGE IS 

OF POOR QUALITY 
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; NSTS 
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PAGE 

01 OF 01 

PRCBD S44804H 


PRCB 

1 

DATE * 

CHANGE TITLE 
. PUTTY ON 

• — l 

STS-34 RH OUTER 

GASKET (IFA STS-34-M-3) 

j ...... 



CHANGE PROPOSAL ( S ) NO. AND SOURCE DOCUMENTS AFFECTED (NO. , TITLE, PARA) 


STS-34 ANOMALY TRACKING LIST 
•FLIGHT PR NO. STS-34-M-3 


INITIATED BY: MSFC-EP7 3/E . CARRASQUILLO SUBMITTED BY: MSFC-SA51/R . MITCHELL 


LEVEL II BASELINE CHANGE DIRECTION: OPR: WA MBE/LS 

BOARD :OSB 

PRCBD S44804H IS ISSUED TO AUTHORIZE CLOSEOUT OF STS-34 ANOMALY 
NUMBER STS-34-M-3 PER THE ATTACHED PAGE(S). IFA STS-34-M-3 IS BEING 
DISPOSITIONED OUTSIDE THE REGULAR PRCB BASED ON ADEQUATE DISCUSSION 
AT THE STS-33 FRR ON NOVEMBER 6-7, 1989. THIS DIRECTIVE LEVIES 
NO FORMAL PROGRAM ACTION. 

EFFECTIVITY : STS-34 

LEVEL II IMPACTS AUTHORIZED BY THIS DIRECTION: —WEIGHT: NONE , 

--SCHEDULE: NONE, —COST: NONE. 


ACTIONS: 

...NO FORMAL PROGRAM ACTION REQUIRED. 


jf THIS PRCBD WAS PROCESSED OUTSIDE THE FORMAL LEVEL II PRCB. 



©SSCSNAL PAGE IS 
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•^0 U d\ '33 ^un arcri rnujtci 


FUGBT FHOVUH XZ70RT 


So. IT»-34-«~4 


Itsxeaeax of grcDlam: — — - 

& X5WX unbend vu noted oa um aft edge of the 369b006h. 

Discussion: “""""" ~ ~~ 

Tim unbond was locstsd at the 0 ds gres location sad mi urtd 8 inf has 
cirmmf erentially . Tim xsiu was unbended tzem both elm sox or csss wall and 
JPS cork but rsssixmd in place . Tim aft edge of tbs X8Kh was dsfo rs sd. 
indicating co atsot with SOSW object! • ) . 

CoacIuSIms: 

& scrags was fo un d Just »<t of tbs K3Xh sad la Has with tbs 0 4s grow 
location, indicating contact was asds with sows object! s). Tbs a cr a gs VSS 
approximately tbs ssss width as tbs on bead. Dus to tbs ga u ss try involved, 
it is unlikely that potential debris fro* tbs XT or orbltsr could ha vs 
closed tbs not*d condition. as a result, both tbs scrags and tbs unbend ars 
attributsd to debris i res tbs noszis jettison or possibly water iagact. 


Corrsotlvs lotion: 

Minor divots to the JP8/KSMS haws ba ss Obssrved on previous flights with 
wstsr iagact or nosxlc jettison debris being notsd as -tbs cross of failure 
in tbs closure rationale. (Reference tn 80080 "Tostfire toqin s erla g 
Evaluation Plan' 1 ) . Inspections of JV9 and KSKS closeout ars y u rf o r ss d as 
port of tbs regular pre-flight as rashly sntivities. 

Effects on aubssgusnx m ss ao n st ~ 

Sines tbs o cc u r r e d after boo s t e r separation, th ere Is as debris 

hazard to tbs orbltsr and no lapset relative to flight safety for future 



rarwaml Assignee: 

mrs: Oarw Stephsna/ 3 ases tsilsy 
Resolution: Tbs bkk project 


N87C; 1. 


RaiolutlOAJ Ttt* sm jrxnjpcx fum—nn wa ii ^xctSmp - ~ 
orcbles (txscktd via flgaifleoBt Trebles Re p ort (m)l OM-8/179) bss been 
0,03X0 in the K8TC mCA systes for 8TS-33A and subs os U/ 13/80. 


J=H « 




ORIGINAL PAGE !S 

OF POOR QUALITY 


90339-12.27 


DOC NO. 


TWR-17545 vol I 
PACE 27 



77vc<>4u>£ CORPORATION 
SPACE OPERATIONS 


PCIN 44804 

NSTS PROGRAM REC'.'IREMENTS 
CONTROL BOARD DIRECTIVE - LEVEL II 
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PRCBD S44804J 

PRCB DATE » 

CHANGE TITLE 

A K5NA UNBOND WAS NOTED ON THE AFT EDGE OF THE 360L006 i 

( I FA STS-3 4 -M- 4 ) 


j CHANGE PROPOSAL ( S ) NO. AND SOURCE 

STS-34 ANOMALY TRACKING LIST 
■ FLIGHT PR. NO. STS-34-M-4 


DOCUMENTS AFFECTED (NO. , TITLE, PARA) 


INITIATED BY: M3FC-EH4 4/L . HANKS 
LEVEL II BASELINE CHANGE DIRECTION: 


SUBMITTED BY: MSFC-SA5 1/R . MITCHELL 
OPR: WA 


MBE/A R 
BOARD : OSB 

PRCBD S44804J IS ISSUED TO AUTHORIZE THE CLOSEOUT OF STS-34 ANOMALY 
NUMBER STS-3 4-M-4 PER THE ATTACHED PAGE(S). I FA STS-34-M-4 IS BEING 
DISPOSITIONED OUTSIDE THE REGULAR PRCB BASED ON ADEQUATE DISCUSSION 
AT THE STS-3 3 FRR ON NOVEMBER 6-7 , 1989 . THIS DIRECTIVE LEVIES 
NO FORMAL PROGRAM ACTION. 


EFFECTIVITY : 


STS-34 


LEVEL II IMPACTS AUTHORIZED BY THIS DIRECTION: —WEIGHT: NONE, 

--SCHEDULE: NONE, — COST: NONE. 


ACTIONS: 

NO FORMAL PROGRAM ACTION REQUIRED. 
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•sou »: -as \z-ze from ssn PROJECT OFFJCS 

man r rona t utoxt 


itstoant ot KobISk 

Laft and Right 8Wi Aft Do** CTT SPDW Blisters 


?ASE.ai6 

Tsge 1 of 2 

Ko. Wt-34-M 


Discussioni 

-v» right SJtK aft doom h*d approximately IS blisters in th* Carbon Tiber 
riilftd (OT) SPON *u rftea looatsd randomly throughout th# aft done. Tb* 
largest bli*t*r ****ur*d 5.5" axially * 4.5” circumferentially . The left 
SRN aft -* — - *««d approximately 10 bliatar* located randomly throughout th* 
aft done. 7b* largest blister se aa t u c a d 2* axially x 1" circoaf erentiail Y . 
Tbs skin of th* blisters war* ragged and eurl*d and n *a svir ed ipproximatsly 
0.030* thick. The botton snrfao* of tbs blisters app ea r ed to b* virgin C7T 
Z?VH. The blisters were present in a locali s ed area end did not propagate 
when pulled by hand, m3 and volatile analysis performed on th* blisters 
showed ao evidence of foreign Material, 

The left 88M aft done CTT BOM insulation for 360HCC3 (iTt-2BR) was 
•actioned and inspected fay engineering. The sectioning revealed evidence of 
a similar blister-like oondition buried b e t w een the insulation piles. The 
condition detseted through sectioning wss such leas extensive than that 
observed on 3501006 (STS-34). Samples of aeotloned CTT Spun fro* SVS04 
wars submitted to the lab for analysis . Blisters of this else in the C TP 
EPSM have not bean observed in previous post flight hardware inspections at 
KSC. 


The blister condition did not causa an abnormal erosion in the sft dom e CTT 
z tom. The CTT mat is in c ompres sion during firing and the virgin CTT SPBM 
is separated in* chamber gas flow by s thick char layer. Th* blisters were 
a localised oondition which did not propagate when the edges war* palled. 


Ciji ioxTvs Action; — — - 

A review of the CTT xrax records has not identified any con d ition daring 
fabrica tion which woold have c ann e d or oentrlhoted to this condition. Since 
the thermal evaluation indicates an adequate safety factor is maintained, 
the blisters are not considered a flight safety issue. Although no 
corrective Actions are planned «t the p r os i t, coaplete materials 
investigation result* ars pending which may warrant a xststiel proceM or 
fabrication ohxnge. 


Effects on suoseqnemt Xi eeicna* 

Condition observed on STS-34 de 
Through analysis and evaluations that have 
flight, it has been determined that this issue 
safety issue for future missions. 


erosion 

performed sub 
is not eensl 


in crr tTDx. 

to 

flight 


Approved: 




Manager 


Personnel assignee: 


nnOK O t: Sellv Marsh/tsrrv Allred 


Ksrc: 
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FLIGHT PROBLEM REPORT 


Page 2 of 2 

IFA NO. STS-34-M-5 


Resolution: The SRM Project Office recommends Level II closure of this 

IFA. This problem (tracked via Significant Problem Report (SPR)# DR4-5/178) 
has been Deferred in the MSFC PRACA system for STS-33. STS-32 and STS-36 on 
11/16/89. 


** TOTAL PAGE . Q08 + * 
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PRCBD S44804K 

PRCB DATE $ 





CHANGE TITLE 


LEFT AND RIGHT SRM AFT DOME EPDM BLISTERS ( IFA STS-34-M-5) 


CHANGE PROPOSAL ( S ) NO. AND SOURCE 

DOCUMENTS AFFECTED ( NO. , TITLE , PARA ) 

STS-34 ANOMALY TRACKING LIST 


FLIGHT PR. NO. STS-34-M-5 

. 

INITIATED BY: MSFC-EH44/L . HANKS 

SUBMITTED BY: MSFC-SA51/R . MITCHELL 


LEVEL II BASELINE CHANGE DIRECTION: OPR: WA MBE/AR 


BOARD :OSB 

PRCBD S44804K IS ISSUED TO AUTHORIZE THE CLOSEOUT OF STS-34 ANOMALY 
NUMBER STS-34-M-5 PER THE ATTACHED PAGE(S). IFA STS-34-M-5 IS BEING 
DISPOSITIONED OUTSIDE THE REGULAR PRCB BASED ON ADEQUATE DISCUSSION 
AT THE STS-33 FRR ON NOVEMBER 6-7, 1989. THIS DIRECTIVE LEVIES 
NO FORMAL PROGRAM ACTION. 

EFFECTIVITY: STS-34 


LEVEL II IMPACTS AUTHORIZED BY THIS DIRECTION: — WEIGHT: NONE, 

— SCHEDULE: NONE, — COST: NONE. 


ACTIONS: 

NO FORMAL PROGRAM ACTION REQUIRED. 
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Total 


Forward Dome 
P/N 1U51473-03 

itasszs 

PrevlQUS 

QM-7 

Pressurlzatlgns. 
4 0 

Cylinder 

P/N 1U50131-13 

S/N 

O000012R5 

DM-2, SRM-5A 
-14A, -24B 
QM-6 

14 

QU 

Capture Cylinder. 
Standard Weight 
P/N 1U52983-02 

S/N 

0000006R1 

QM-6 

6 

0 

Cylinder. Lightweight 
P/N 1U507 17-05 

S/N 

000004 0R3 

SRM-10B, -20B, 
QM-7 

8 


Capture Cylinder. 
Lightweight 
P/N 1U52982-03 

S/N 

0000008R1 

DM-9 

5 

0 

Cylinder. Lightweight 
P/N 1U50717-05 

S/N 

0000124 

New 

3 

0 

Capture Cylinder. 
Lightweight 
P/N 1U52982-03 

S/N 

0000022 R1 

QM-7 

5 

0 

Attach, Lightweight 
P/N 1U50716-08 

S/N 

000001 9R2 

SRM-21B, PVM-1 

6 

0 

Stiffener, Lightweight 
P/N 1U50715-05 

S/N 

0000049R1 

QM-7 

7 

0 

Stiffener, Lightweight 
P/N 1U507 15-05 

S/N 

0000035R2 

SRM-22A, QM-7 

7 

0 

Aft Dome 
P/N 1U501 29-11 

l S/N . 

^0000049R1/ 

QM-7 

6 

0 

There are no fleet leader components in this assembly 

| | Denotes flee 

Figure 4-1. Hardware Reuse Summary - 

LH Case (A) 

Forward Dome 
P/N 1U51473-03 


Previous Use 

Pres 

Total 

surizatlons 

/0W0^4R2^ 

SRM-13A, -22A 

5 

0 

Cylinder 

P/N 1U50131-13 

S/N 

0000007R4 

DM-4, SRM-2B, -9A, 
-20B 

13 

0 

Capture Cylinder, 
Standard Weight 
P/N 1U52983-02 

S/N 

0000016 

New 

3 

0 

Cylinder, Lightweight 
P/N 1U50717-05 

S/N 

0000073R2 

SRM-14B, -24 B 

6 

0 

Capture Cylinder, 
Lightweight 
P/N 1U52982-03 

S/N 

0000020R1 

QM-7 

5 

0 

Cylinder, Lightweight 
P/N 1 U5071 7-05 

S/N 

0000072R2 

SRM-14A, -24A 

6 

0 

Capture Cylinder, 
Lightweight 
P/N 1U52982-03 

S/N 

0000038 

New 

3 

0 






Attach. Lightweight 
P/N 1U50716-08 

S/N 

0000038 

New 

3 

0 

Stiffener, Lightweight 
P/N 1U50715-05 

S/N 

000003 7R2 

SRM-22B, RSRM-1 A 

6 

0 

Stiffener, Lightweight 
P/N 1U507 15-05 

S/N 

0000036R2 

SRM-22A, RSRM-1 A 

6 

0 

Aft Dome 
P/N 1U501 29-11 

S/N . 

\0000002R5/ 

DM-3, QM-3, SRM-9B, 
-20B, PVM-1 

12 

0 


00*~FRftM 60 


Conclusion: There are no fleet leader components In this assembly 


{ | Denotes fleet leader status 


Figure 4-2. Hardware Reuse Summary - RH Case (B) 
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Conclusion: There are no fleet leader components In this assembly Q] Denotes fleet leader status 


OOS-fRRM M 


Figure 4-3. Hardware Reuse Summary - LH Igniter (A) 



Conclusion: There are no fleet leader components In this assembly 


Denotes fleet leader status 


006-FRRM S7 

Figure 4-4. Hardware Reuse Summary - RH Igniter (B) 
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Throat Support Housing I 5 
1U75547-01 
S/N 0000009 
Previous Use: New 


Snubber Support Ring 
1U51063-03 
S/N 0000052 
Previous Use: New 


Snubber Segment 
1U51061-04 1 

S/Nt 0001505-0001536 
Previous Use: New 



Nose-Inlet Housing 
1U75398-01 
S/N 0000022 
Previous Use: New 


Cowl Housing 
1U52838-03 
S/N 0000047 
Previous Use: 


Fixed Housing 
1U52945-04 
S/N 0000021 
Previous Use: New 


Actuator Bracket 
1U51 242-05 
S/N 0000049R1 
Previous Use: SRM-13A 
S/N 00001 24R2 
Previous Use: DM-1, DM- 


Compliance Ring I 2 
1U52242-01 1 — 

S/N 0000067 
Previous Use: New 


Conclusion: There are no fleet leader components in this assembly Denotes fleet leader status 


Part No. 

Serial No. 

Fleet Leader 

Flex Bearing, Aft End Ring 

1U50083-02 0000007R2 

6 

Flex Bearing, Forward End Ring 
1U50085-02 0000007R2 

6 

Flex Bearing, Shims 
1U50097-01 

000001 0R2 

6 

1U50097-02 

0000010R2 

6 

11150097-03 

000001 0R2 

6 

1U50097-04 

0000012R1 

6 

1U50097-05 

0000010R2 

6 

1U50097-06 

0000010R2 

6 

1U50097-07 

0000010R2 

6 

1U50097-08 

000001 1R2 

6 

1U50097-09 

000001 0R2 

6 

1U50097-10 

0000010R2 

6 


006-F«RM S3 

Figure 4-5. Hardware Reuse Summary - LH Nozzle (A) 
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CORPORATION 

SPACE OPERATIONS 



Snubber Support Ring 
1U51 063-03 
S/N 0000053 
Previous Use: New 


Throat Support Housing [ S 
1U75547-01 
S/N 0000010 
Previous Use: New 



Snubber Segment 1 5 ' 

1U51Q61-04 — 

S/Ns 0001473-0001504 
Previous Use: New 





Flex Bearing 
1U52B40-01 
S/N 000001 5R4 
Previous Use: New 


Nose-Inlet Housing 
1U75398-01 
S/N 0000024 
Previous Use: New 


Cowl Housing 
1U52838-03 ” 

S/N 0000046 
Previous Use: New 


Actuator Bracket 

1U51242-05 

S/N 000001 6R3 

Previous Use: SRM-1B, -6A, 

S/N 0000021R2 

Previous Use: SRM-5A, 13B 


Compliance Ring ; 
1U52242-01 L 

S/N 0000034 
Previous Use: New 


Conclusion: There are no fleet leader components In this assembly 


| | Denotes fleet leader status 


OOO-FRRM 04 


Part No. 

Serial No. 

Fleet Leader 

Flex Bearing, Aft End Ring 

1U50083-02 

0000004 

6 

Flex Bearing, Forward End Ring 

1U50085-02 

0000001 

6 

Flex Bearing, Shims 

1U50097-01 

0000038 

6 

1U50097-02 

0000041 

6 

1U50097-03 

0000036 

6 

1U50097-04 

0000044 

6 

1U50097-05 

0000056 

6 

1U50097-06 

0000040 

6 

1U50097-07 

0000036 

6 

1U50097-08 

0000046 

6 

1U50097-09 

0000044 

6 

1U50097-10 

0000035 

6 


Figure 4-6 . Hardware Reuse Summary - RH Nozzle (B) 
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SPACE OPERATIONS 



a. At Normal Joints 



b. At Systems Tunnel Joint 

Figure 4-7. Hardware Reuse Summary — Stiffener Rings 
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J 77kcc>Xz&€ CORPORATION 
SPACE OPERATIONS 


Table 4-1. Hardware Reuse Summary — Stiffener Rings 



?V.&. LH (A):.:-:;"^;T 


RH (B) ! 


Fleet 

Part No: S 

fill? Serial- No..' 

PfOViOUS Use’; | V ! 

Serial No. 

Previous Use 

mmmm 


1 U52502-04 

0000001 R2 

SRM-45, SRM-23 

0000008R2 

SRM-12, SRM-21 

R1* 

Stiffener Ring 

0000082R1 

SRM-20A 

0000051R1 

SRM-19 


0000099 

New 

0000052R1 

SRM-19 


1 U52502-07 

0000075 

New 

0000078 

New 

R2 

Stiffener Ring 

0000080 

New 

0000082 

New 


0000081 

New 

0000083 

New 


1 U52502-08 

0000072 

New 

0000057 

New 

R2 

Stiffener Ring 

0000079 

New 

0000071 

New 


0000081 

New 

0000077 

New 


1U52503-04 

0000101 R1 

SRM-21 

0000075R2 

SRM-18, RSRM-1 

R1* 

Splice Plate 

0000102R1 

SRM-21 

0000076 R2 

SRM-18, RSRM-1 


0000103R1 

SRM-21 

0000077 R2 

SRM-18, RSRM-1 



00001 04 R1 

SRM-21 

0000078 R2 

SRM-18, RSRM-1 



0000105R1 

SRM-21 

0000079 R2 

SRM-18, RSRM-1 



00001 06 R1 

SRM-21 

0000080 R2 

SRM-18, RSRM-1 


1 U52503-05 

0000034 

New 

0000037 

New 

New 

Splice Plate 

0000035 

New 

0000038 

New 



0000036 

New 

0000039 

New 


1 U52504-05 

0000125 

New 

0000126 

New 

R3 

Adapter Plate 

0000141 

New 

0000139 

New 


0000142 

New 

0000140 

New 



0000144 

New 

0000143 

New 



0000151 

New 

0000145 

New 



0000152 

New 

0000146 

New 


1 U52505-02 Plate 

0000011R2 

SRM-14, SRM-22 

0000077 R2 

SRM-18, SRM-26 

R1* 

Stiffener Ring 

0000012R2 

SRM-14, SRM-22 

0000078R2 

SRM-18, SRM-28 




00001 12R1 

RSRM-1 





00001 13R1 

RSRM-1 





00001 14R1 

RSRM-1 





0000154R1 

RSRM-1 


1U525G5-01 Plate 

0000005R3 

STS-8, SRM-12, -23 



R2‘ 

Stiffener Ring 

000001 1R3 

STS-9, SRM-15, -23 




000001 9R3 

STS-9, SRM-15, -23 





0000020 R3 

STS-9, SRM-15, -23 





‘Flying fleet leader on this motor set 
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SPACE OPERATIONS 

joint - OCR 141936 submitted 3 Aug 
1989. Eliminates gaps in joints and 
increases joint contact length to 
prevent sheet separation 

• Changed from wiping entire rubber 
surface using toluene-dampened rym- 
plecloth to removing incidental surface 
lint and dust from rubber only in 
affected areas -- OCR 135956. 
Reduces the possibility of entrapped 
solvent in rubber pores during cure 

• Added use of roller to provide better 
surface contact between rubber and 
shim — OCR 142186 submitted 3 Aug 
1989. Ensures better surface contact 
and enhances bond 

• Added use of shop vacuum in con- 
junction with hypodermic needle to 
remove entrapped air between rubber 
and shim — OCR 143160. Ensures 
better surface contact and enhances 
bond 

• Changed method of initial press 
closure from jack rams to main 
ram — OCR 133010. Avoids possible 
loss of contact between bearing 
components during initial press closure 
when switching from jack rams to 
main ram 

• Increased initial set point of main ram 
pressure - OCR 133010. Provide more 
constant control of ram pressure 
during initial debulk cycle 

• Increased temperature set point in 
lagging heat zones 5, 7, 8, and 9 
(Figure 4-8) — Revision 3 to CPI. 
Reduces the time at temperature of 
the leading heat zones to reduce hycar 
migration 

• Moved controlling thermocouples from 
outer mold rings into rubber 
pads — Revision 3 to CPI. Ther- 
mocouples in the rubber indicate the 
actual temperature of the flex bearing 
during cure, which allows for more 
accurate cure 

• Cure terminated when rubber ther- 
mocouples exceed 300 °F for 2 hr 

90339 - 4.38 


rather than tooling thermocouples at 
290 °F — Revision 3 to CPI. Ensures 
component temperature does not 
exceed limits, which could cause rust 

Four OMRSD changes: 

• MB8761M Criticality 1 - When shelf 
life is dependant on conditioned 
storage, verify from Thiokol acceptance 
tag rather than from vendor’s 
container tag that conditioned storage 
requirements have not been exceeded. 
The Thiokol acceptance tag shall be 
kept with the material until it is used 
or discarded. This assures that 
accurate shelf life information is 
available prior to material use 

• MB8806M Criticality 3 — Incorporate 
use of new nozzle disassembly tool (8U 
tool developed to replace 7U prototype 
tool currently in use) 

• RCN MB8816A Criticality 1 — Cannot 
show evidence that O-ring shipping 
box has been opened or crushed, 
ensuring O-ring integrity. 

• RCN MS9072 Criticality 1 — Update 
useful life tables from a 5-year limited 
life to a 3-year limited life to reflect 
NSTS 07700 Volume X 

4.3 SRB Mass Properties 

(FEWG Report Para 2.2.0) 

4.3.1 Sequential Mass Properties 

Tables 4-2 and 4-3 provide 360L006 
(STS-34) LH and RH reconstructed se- 
quential mass properties, respectively. 
Those mass properties sequential times 
reported after separation reflect delta 
times from actual separation. 

4.3.2 Predicted Data Versus 
Postflight Reconstructed Data 

Table 4-4 compares the LH lightweight 
RSRM predicted sequential weight and 
center of gravity data with the postflight 
reconstructed data. Table 4-5 compares 
the RH RSRM predicted sequential 
weight and center of gravity data with 
the postflight reconstructed data. Actual 

doc no. TWR- 17545 vol I 
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Zone 


Zone 


Zone 

Zone 



006-FRRM A12I 


Figure 4-8 . Critical Process - Flex Bearing Mold Sketch 
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Table 4-2. Sequential Mass Properties — LH 360L007 


CORPORATION 

SPACE OPERATIONS 
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Table 4-3. Sequential Mass Properties — RH 360L007 


CORPORATION 

SPACE OPERATIONS 
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NOZZLE JETTISONED 140388.2 1303.853 0.497 0.051 6282.426 140.827 6203.233 

TIME “ 389 11 

SPLASHDOWN* ’ 140345.0 1303.833 0.497 0.051 6280.066 140.788 6280.873 

TIME = 414.41 


Table 4-4. Sequential Mass Properties Predicted/Actual Comparisons — LH 360L007 
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separation longitudinal center of gravity of 1,315.239 is 66% of the vehicle length. 


Table 4-5. Sequential Mass Properties Predicted/Actual Comparisons — RH 360L007 
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Based on Mass Properties History Log Space Shuttle 360L006— RH , 25 October 1988 (TWR 17339). 
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360L006 (STS-34) mass properties may 
be obtained from Mass Properties 
History Log Space Shuttle 360L006-LH 
(TWR-17344, 11 May 1989) and 

360L006-RH (TWR-17345, 11 May 1989). 
Some of the mass properties data used 
have been taken from average actual data 
presented in the Mass Properties 
Quarterly Status Report (TWR- 102 11-90, 
5 Mar 1989). Postflight reconstructed 
data reflect ballistics mass flow data from 
the 12.5-samples-per-sec measured 
pressure traces and a predicted slag 
weight of 1,518 lb. 

4.3.3 CEI Specification 
Requirements 

Tables 4-6 and 4-7 present CEI specifi- 
cation requirements and predicted and 
actual weight comparisons. Mass proper- 
ties data for both RSRMs comply with 
the CEI specification requirements 
(CPW1-3600A, Addendum G, Part I). 

4.4 RSRM Propulsion 
Performance 

(FEWG Report Para 2.3.0) 

4.4.1 HPM-RSRM Performance 
Comparisons 

The reconstructed thrust-time traces of 
flight motor set 360L006 at standard 
conditions were averaged with the high- 
performance motor (HPM)/RSRM popu- 
lation and compared to the CEI specifi- 
cation limits. The results are shown in 
Figure 4-9. 

4.4.2 SRM Propulsion Performance 
Comparisons 

The reconstructed RSRM propulsion 
performance is compared to the predicted 
performance in Table 4-8. The following 
comments explain the table values. The 
RSRM ignition interval is to be between 
202 and 302 msec after ignition com- 
mand to the NASA standard initiators in 
the S&A device. The ignition interval 
ends when the head-end chamber pres- 
sure has increased to a value of 563.5 


psia. The maximum rate of head-end 
chamber pressure buildup during the 
ignition transient is required to be less 
than 115.9 psia for any 10-msec interval. 
However, no high sample rate ignition 
data were available for this flight (due to 
the elimination of DFI); therefore, no 
rise rate or ignition interval is reported. 
Separation is based upon the 50-psia cue 
from the last RSRM, plus 4.9 sec and a 
time delay between the receipt and 
execution of the command to separate. 
No time delay is assumed in the 
prediction. The decay time intervals are 
measured from the time motor head-end 
chamber pressure has decayed to 59.4 
psia, to the time corresponding to 85,000 
lb of thrust. 

4.4.3 Matched Pair Thrust 
Differential 

Table 4-9 shows the thrust differential 
during steady state and tailoff. All the 
thrust differential values were near the 
nominal values experienced by previous 
flight SRMs and were well within the 
CEI specification limits. The thrust 
values used for the assessment were 
reconstructed at the delivered conditions 
of each motor. 

4.4.4 Performance Tolerances 

A comparison of the LH and RH motors’ 
calculated and reconstructed parameters 
at propellant mean bulk temperature 
(PMBT) of 60 *F, with respect to the 
nominal values and the SRM CEI 
specification maximum 3-sigma require- 
ments, is given in Table 4-10. The RH- 
motor vacuum-delivered specific impulse 
exceeds the upper limit CEI specification. 
Current plans are to update the CEI 
specification to the new HPM/RSRM 
nominal. The higher values experienced 
are due to bias which is imposed on the 
raw data due to OPT/Taber gage 
measurement differences. OPT gages 
(flight transducers) historically have 
measured lower values than Taber gages 
(approximately 0.4 percent), and a bias is 
now imposed on the raw data which 
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Table 4-6. Predicted/Actual Weight Comparisons (lb) — LH 360L007 
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SPACE OPERATIONS 
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Requirement per CPW1-3600A, Addendum G, Part I f (RSRM CEI Specification). 


Table 4-7. Predicted/Actual Weight Comparisons (lb) — RH 360L007 
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Table 4-8. RSRM Propulsion Performance Assessment 


: " V- Predicted Actual 

LH Motor RH Motor 

: Predicted Actual Predicted Actual 


Impulse Gates 





1-20 (10 6 Ibf-sec) 

66.41 

66.02 

66.02 

66.38 

1-60 (10 6 Ibf-sec) 

176.57 

176.00 

175.66 

176.56 

l-AT (10® Ibf-sec) 

297.30 

297.73 

296.96 

298.25 

Vacuum U 

(Ibf.sec/lbm) 

268.4 

268.8 

268.4 

269.6 

Burn Rate at 60°F 

0.368 

0.366 

0.367 

0.366 

(in. /sec) 

Event Times (sec)* 

Ignition Interval 

0.232 

NA 

0.232 

NA 

Web Time* 

108.6 

109.4 

109.1 

109.3 

Time of 50-psia Cue 

118.6 

119.5 

119.1 

118.9 

Action Time* 

120.7 

121.9 

121.2 

121.3 

Separation Command 

124.0 

124.4 

124.0 

124.4 

(sec) 

PMBT (°F) 

82.0 

82.0 

82.0 

82.0 

Maximum Ignition 

91.9 

NA 

91.9 

NA 

Rise Rate 
(psia/10 msec) 

Decay Time (sec) — 

2.9 

3.2 

2.8 

3.1 

(59.4 psia to 85°K) 

Tail-Off Imbalance 
Impulse Differential 
(klbf-sec) 

Impulse Imbalance = 

Predicted 

-772 

LH motor - RH motor 

Actual 
+ 337 


*Ail times are referenced to ignition command time except where 
noted by an *. These times are referenced to lift-off time 
(ignition interval) 


Table 4-9. SRM Thrust Imbalance Assessment 


Event . ; .• 

v Imbalance 

!§!i:i : SpTO 

Max 

Imbalance 

Time of Max 
Imbalance ; 

•.|H %. 

Steady State (1.0 sec to first web 
time -4.5 sec, Ibf, 4-sec average) 

85 

-26.3 

12.0 

Transition (first web time -4.5 sec 
to first web time, Ibf) 

85-268 

linear 

+ 45.1 

109.5 

Tail-Off (first web time to last 
action time) 

710 

+ 50.5 

112.0 


Thrust Imbalance = LH SRM - RH SRM 
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Table 4-10. SRM Performance Comparisons 



SRM CEli 


3! 360L006A Sill 

360L006B . 


■ Max tio m 

||N<wlnal 

LH RSRM ;«i: 

■y^.-^iwrsrm 

Parameter 

Var (%) 

ItVilue* | 


• var (%)^! 

|(60-F) • 

iVar: {%)*• 

Web Time (sec) 

5.0 

111.7 

111.9 

+0.18 

112.0 

+0.27 

Action Time (sec) 

6.5 

123.4 

124.7 

+ 1.05 

124.1 

+0.57 

Web Time Avg Pressure (psia) 

5.3 

660.8 

660.6 

-0.03 

662.8 

+0.30 

Max Head-End Pressure (psia) 

6.5 

918.4 

916.7 

-0.19 

917.2 

-0.13 

Max Sea Level Thrust (Mlbf) 

6.2 

3.06 

3.06 

+0.00 

3.07 

+ 0.33 

Web Time Avg Vac Thrust (Mlbf) 

5.3 

2.59 

2.59 

+0.00 

2.59 

+ 0.00 

Vac Del 1^ (Ibf*sec/lbm) 

0.7 

267.1 

268.6 

+0.56 

269.3*** 

+ 0.82 

Web Time Vac Total Impulse 
(Mlbf* sec) 

1.0 

288.9 

289.7 

+ 0.28 

290.5 

+0.55 

Action Time Vac Total Impulse 

1.0 

296.3 

297.3 

+ 0.34 

297.7 

+0.47 


(Mlbf* sec) 

•QM-4 static test and SRM-8A and 8B, SRM-9A, SRM-10A and 10B, SRM-1 1 A, SRM-1 3A and 13B flight 
average at standard conditions 
••Variation = ((RSRM-6A - Nominat)/Nomlnal) x 100 
((RSRM-6B - NominalJ/Nomlnal) x 100 

•••High due to OPT-Tabor bias (0.4%). Without bias adjustment, value would 268.22. ft has been proposed 
to update the CEI specification to reflect the bias adjustment 
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causes performance parameters to be 
higher. 

4.4.5 Igniter Performance 

Due to the elimination of DFI on flight 
set 360L004 and subsequent, no evalu- 
ation of the igniter performance is pos- 
sible. Also, no evaluation of the ignition 
interval, pressure rise rate, and ignition 
thrust imbalance requirements was pos- 
sible. 

4.5 RSRM Nozzle TVC 
Performance 

(FEWG Report Para 2.4.3) 

No RSRM nozzle torque calculations for 
motor set 360L006 were possible due to 
DFI elimination on flight set 360L004 
and subsequent. This section is reserved 
pending the availability of DFI on future 
flights. The nozzle char and erosion 
performance is discussed in Section 
4.11.4 of this volume and Volume V of 
this report. 

4.6 RSRM Ascent Loads — 
Structural Assessment 

(FEWG Report Para 2.5.2) 

Motor set 360L006 did not have any DFI 
installed to evaluate the motor structural 
performance. This section is reserved 
pending any future motors that incor- 
porate DFI. 

4.7 RSRM Structural 
Dynamics 

(FEWG Report Para 2.6.2) 

No accelerometer data were available due 
to the elimination of DFI on flight set 
360L004 and subsequent. This section is 
reserved pending the installation of 
accelerometers on future flight motors. 

4.8 RSRM Temperature and 
TPS Performance 

(FEWG Report Para 2.8.2) 

4.8.1 Introduction 

This section documents the thermal 
performance of the 360L006 (STS-34) 
SRM external components and TPS, as 


determined by postflight hardware in- 
spection. Assessments of debris, mean 
bulk temperature predictions, on-pad 
ambient/local induced environments, 
LCC, and GEI/joint heater sensor data 
are also included. Performance of SRM 
internal components (insulation, case 
components, seals, and nozzles) is 
reported in Section 4.11. 

4.8.2 Summary 

4.8.2. 1 Postflight Hardware Inspec- 
tion. Postflight inspection revealed no 
unexpected problems due to flight heat- 
ing environments. The condition of both 
SRMs was similar to that of previous 
flight motors. A complete external heat- 
ing evaluation of postflight hardware is 
given in Section 4.8.3. 1. Nozzle erosion 
is discussed in Section 4.11.4. 

4.8.2.2 Debris Assessment. NSTS 

debris criteria for missing TPS were not 
violated. A complete SRM debris assess- 
ment is given in Section 4. 8.3.2. The 
highlights included: missing TPS cork 

pieces were generally less than the 
established criteria of 0.70 in. 3 , and were 
all caused by nozzle severance debris 
and/or splashdown loads and debris. 

4.8.2.3 Mean Bulk Temperature 
Predictions. These temperature pre- 
dictions were made at different time- 
frames during the countdown. A discus- 
sion of these predictions is presented in 
Section 4.8.3.3. Final postflight predic- 
tions from reconstructed data are: 

a. Propellant. The PMBT was 82 *F. 

b. Flex Bearing. The flex bearing 
mean bulk temperature (FBMBT) was 
80 °F. 

4. 8. 2. 4 On-Pad Environment 
Evaluations. A complete environment 
evaluation is given in Section 4. 8.3.4. A 
summary of key observations follows. 

a. Ambient Conditions. The ambient 
temperature recorded during a 60-hr 
period prior to launch varied from 69 ° 
to 85 °F. The normal temperature 

range experienced during the month 
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of October is from a low of 71’F to a 
high of 80 °F. The 85 °F temperature 

represents a + la deviation from the 
historical October mean afternoon (1200 
to 1400 hr) high temperature. The 
windspeeds during this same timeframe 
were slightly lower than the historical 
conditions, averaging approximately 8 kn, 
while the historical average is 
approximately 12.5 kn. 

Wind direction began in a 
northeasterly direction and swung 
steadily southward to a southerly 
direction at the time of launch. The 
historical wind direction is typically 
northeasterly during the month of 
October. 

b.SRM Local. The wind direction 
during the LCC timeframe was roughly 
from the south. From GEI assessments, 
there was no evidence of temperature 
suppression due to ET cooling effects. 

4. 8.2. 5 Launch Commit Criteria. No 
LCC thermal violations occurred. Mea- 
sured GEI and heater sensor data, as 
compared to the LCC requirements, are 
discussed in Section 4. 8.3.5. Highlights 
of heating operations are summarized as 
follows. 

The igniter heaters were activated 
for approximately 12.5 hr during the 
18 October launch countdown and per- 
formed as expected. Cooldown, after 
heater shutoff, occurred over an approxi- 
mate 7.5-hr period and resulted in T-5- 
min igniter sensor temperatures of 83° 
to 86 °F. 

The heaters were deactivated ap- 
proximately 50 min earlier than specified 
in the Operations, Maintenance, and Re- 
quirements Specification Document 
(OMRSD) by KSC console operators for 
an unknown reason. The early 
deactivation resulted in an interim 
problem report (IPR) which was 
dispositioned by a waiver of the OMRS. 
The result of the early deactivation was 


negligible, due to the warm ambient 
temperatures prior to launch. 

The six field joint heaters performed 
adequately and as expected, with a 17 °F 
sensor temperature range from 92 0 to 
109 °F during the LCC timeframe. Of 
the 24 field joint sensors, 23 recorded 
temperatures in the expected range. 
The LH center field joint temperature 
sensor at 195 deg was severed prior to 
the systems integration test (SIT), and 
was deleted from the control logic of the 
field joint heater. The LCC requirement 
is that two of four sensors be operational; 
the loss of the single sensor posed no 
problem from either a heater control or 
LCC standpoint. 

The SRB aft skirt purge operation 
was not activated until T-15 min because 
of the warm ambient and component 
temperatures. This was done in accor- 
dance with the operations maintenance 
instruction (OMI) which instructs the 
operator to control the "SRB flow rate 
purge as required to maintain the fol- 
lowing limits: Flex Bearing 60 o -115°F 

and Nozzle/Case Joint 75°-115°F." 

4.8.2. 6 Prelaunch Thermal Data 

Evaluation. Infrared measurements 
from both the infrared gun and the STI 
were compared with GEI. A complete 
evaluation is found in Section 4. 8.3. 6. 
Highlights are as follows: Infrared 

measurements taken by the infrared gun 
during the T-3-hr ice/debris pad 
inspection were found to be anomalous 
and therefore were not reported. The 
STI temperature measurements were 
used along with the GEI measurements 
to monitor SRM surface temperatures. 
Temperatures varied between 76° and 
80 °F during the T-3-hr pad inspection 
for both STI and GEI temperatures. 

4. 8. 2. 7 Prelaunch Hardware 
Anomalies 

a. RH Center Field Joint Heater 

DWV Test Failure. The RH center 

field joint heater failed the DWV test 
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after installation. Due to the severity 
of the failure, the heater was disabled 
by opening the circuit breaker to 
avoid inadvertent activation of the 
heater. The redundant heater per- 
formed nominally during the launch 
countdown. A complete discussion of 
the problem is given in Section 
4. 8. 3. 7. 

b. LH Forward Center Segment 
Heater Cabling Switch. During 
the installation of the LH forward 
field joint heater cabling on the LH 
forward center segment, the primary 
and redundant heater cables were 
inadvertently switched. The cables 
were switched back prior to rollout. 
Details are given in Section 4.8.3. 7. 

4.8.3 Results Discussion 

4.8.3. 1 Postflight Hardware Inspec- 
tion. Following the recovery of the 
STS-34 SRBs, a postflight inspection of 
the external hardware was conducted at 
the SRB Disassembly Facility (Hangar 
AF). The TPS performance was con- 
sidered to be excellent in all areas, with 
external heating and recession effects 
being less than predicted (Table 4-11). 
Predictions due to the worst-case design 
trajectory environments (Table 4-12) will 
be documented in the SRB Thermal 
Design Data Book, SE-019-068-2H. 

The condition of both motors ap- 
peared to be similar to previous flight 
motors, with most of the heat effects 
seen on the aft segments on the inboard 
side of the SRBs. The aft segment in- 
board regions facing the ET experience 
high aerodynamic heating normal to 
protuberance components. They also 
receive the high plume radiation and 
recirculation heating induced by the 
adjacent SRB and space shuttle main 
engines (SSME) to aft-facing surfaces. In 
this area there was slight charring to the 
TPS over the factory joints, the stiffener 
rings and stubs, and GEI cabling runs. A 
concise summary of the external 
hardware condition is shown in Table 
4-13. 


a. Field Joints. All field joints on both 
motors were in excellent condition. 
There were no signs of ablation on 
any of the joint protection systems 
(JPS), with only slight paint blistering 
on the cork cover. The paint on the 
K5NA closeout aft of the cork was 
also slightly darkened and blistered, 
with occasional pitting. This was 
probably due to aerodynamic heating 
and the result of aft edge hits from 
water impact and nozzle severance 
debris. All K5NA repair locations, 
due to field engineering changes, were 
intact over the trunnion/vent valve 
locations. 

b. Factory Joints. The factory joints 
on each of the motors were in very 
good condition. The only signs of 
heat effect experienced on the factory 
joints were located on the aft 
segments of each motor. There were 
only slight ablation, charring, and 
discoloration on the inboard regions of 
the aft segment factory joints. This 
occurred between approximately 220- 
and 320-deg circumferentially on each 
motor. These are all normal occur- 
rences which have been consistently 
observed on previous flight motors. 
Two weatherseals on the LH motor 
showed signs of forward and aft edge 
unbond regions. No evidence of 
sooting was found under these 
unbonds. 

c. Systems Tunnel. The cork TPS 
adjacent to the systems tunnel floor 
plate was in excellent condition. 
There was very little paint blistering. 
All K5NA closeouts over cables and 
tunnel seams were in excellent 
condition. 

d. Stiffener Rings. The stiffener ring 
TPS was generally in very good 
condition with only slight thermal 
degradation. The major heat-affected 
area was predominantly in the 220- to 
320-deg sector, with the ethylene 
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Table 4-11. RSRM External Performance Summary, TPS Erosion — LH and RH Motors 



TPS 

^^B:Mtaxlmum:€roalon:;fln;1i::iii® 

II Component : |J£ 

Material : 

f|P^ic^;fg 

Measured • 

Field Joints 

Cork 

0.003 

None 

Factory Joints 

EPDM 

0.014 

Not measurable* 

Systems Tunnel 

Cork 

0.014 

None 

Stiffener Rings 

EPDM 

0.009 

Not measurable* 

GEI Closeout 

Cork 

0.036 

Not measurable* 

Nozzle Exit Cone 

Cork 

0.104 

NA** 


*A1I evidences of minor erosion were apparent only on inboard 
region of aft segment, where flight-induced thermal environ- 
ments are the most severe 


**Nozzle exit cones are not recovered 


Table 4-12. SRB Flight-Induced Design Thermal Environments 

Ascent Heating 

• Document No. STS 84-0575, 24 May 1985 

• Change Notice 2, SE-698-D, 30 April 1987 

• Computer tapes No. DN 4044 and DN 9068 

• Change Notice 3, SE-698-D, 30 October 1987; Tape No. DP 5309 
Base Recirculation Heating 

• Document No. STS 84-0259, October 1984 

• Change Notice 1, SE-698-D, 30 September 1987 
SSME and SRB Plume Radiation 

• Document No. STS 84-0259, October 1984 

• Change Notice 1, SE-698-D, 30 September 1987 
SSME Plume Impingement After SRB Separation 

• Document No. STS 84-0259, October 1984 

• Change Notice 1, SE-698-D, 30 September 1987 
Reentry Heating 

• Document No. SE-0119-053-2H, Rev D, August 1984, and Rev E, 12 November 1985 
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Table 4-13. SRM External Performance Summary — LH and RH Motors 


Component 

lllgTPS lirf 

^Performance 


Reid Joints 

Cork 

Typical 

All JPS in excellent condition. Slight paint blistering. Pitting on aft 
edge of JPS K5NA closeout. All K5NA repairs intact over 
trunnion/vent valve locations 

Factory Joints 

EPDM 

Typical 

All factory joints in very good condition. Typical heat-affected 
areas on aft segment joints on inboard side of both motors. 
Forward and aft edge unbonds on two LH motor weatherseals with 
no evidence of sooting 

Systems Tunnel 
JPS Heater Cable 

Cork/K5NA 

Typical 

Cork TPS adjacent to tunnel floor plate in excellent condition. Very 
little paint blistering. K5NA closeout in excellent condition on both 
cables and seams 

Stiffener Rings 

EPDM 

Typical 

Good condition — No deviations from normal postflight 
appearance. Charring and discoloration on all edges and inboard 
top surfaces. Insta-Foam ramps chunked out on all rings at 
outboard locations of both motors due to water impact. Cracks 
observed in K5NA of both middle stiffeners 

GEI Closeout 

Cork/K5NA 

Typical 

Very good condition, with slight paint blistering. A few small cork 
pieces missing on GEI cable runs — All within established NSTS 
debris criteria and all caused by nozzle severance and/or 
splashdown loads and debris 

Aft Kick Ring Joint 

Cork 

Typical 

Good condition from thermal perspective. Shielded from radiation 
by kick ring. No splashdown damage 

Nozzle Exit Cone 

Cork 

Unknown 

Aft exit cones not recovered 

Motor Case 

NA 

Typical 

No hot spots or abnormal discoloration of the case paint due to 


external or internal heating. Aft segments extensively sooted 
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propylene diene monomer (EPDM) on 
the outer flange showing signs of 
brown charring. This region was 
subjected to aeroheating along the 
outboard tip forward face, while the 
aft face and top surfaces experienced 
radiant heating. The K5NA TPS on 
the top surfaces of the stubs was also 
slightly charred in the same regions, 
with intermittent pitting around the 
whole circumference. The Insta-Foam 
ramps were chunked out on both 
motors, predominantly at outboard 
locations, due to splashdown loads. 
The K5NA on the middle stiffener of 
both motors was cracked in this same 
region. 

e. GEI, Cables. The cork and K5NA 
TPS covering the GEI and cableways 
was generally in good condition. Very 
little heat effect was observed, 
consisting of only slight paint dis- 
coloration and blistering. Some of the 
GEI cable runs had small areas of 
missing cork on the aft edges of the 
runs at intermittent regions. These 
min or cork losses were all attributed 
to aft edge hits caused by nozzle 
severance debris impact during re- 
entry, splashdown loads, and handling 
problems. There was a total of 16 aft 
edge hits, eight per motor. 

f. Aft Kick Ring Joint. The TPS 
cork strip over the pin retainer band 
was in good condition from a thermal 
perspective. This strip, as well as the 
case region vicinity, was heavily 
sooted with no unexpected heating 
effects. This strip during ascent is 
shielded from adjacent SRB plume 
radiation by the kick ring. 

4.8.3.2 Debris Assessment. NSTS 
debris criteria for missing TPS were not 
violated. The TPS cork pieces that were 
missing were generally less than the 
established criteria of 0.70 in. 3 , and were 
all caused by nozzle severance debris, 
splashdown loads/debris, or handling 
problems. There was a total of 16 aft 
edge hits, eight on each motor. There 
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were six of these pieces which exceeded 
0.70 in. 3 . The largest GEI cork piece 
missing was approximately 4 by 1.5 by 
0.25 inches, or 1.50 in. 3 . It was located 
on the LH aft center segment at 
Station 1410 at 270 deg. It was either a 
handling or splashdown scrape, leaving a 
clean substrate. 

Based on the quick-look external 
inspection, the SRM TPS performed 
adequately on STS-34. The problem of 
losing TPS cork caps covering the 
instrumentation cables (a result of poor 
cork bonds) appears to have been 
corrected. The K5NA closeouts per- 
formed well and as expected. 

4. 8.3.3 Propellant Mean Bulk 
Temperature and Flex Bearing Mean 
Bulk Temperature Predictions. 
Temperature predictions (°F) were per- 
formed at various times with respect to 
the launch of STS-34. They are predict- 
ed for the time of launch and are sum- 
marized as follows: 



Historical 

: L-9 Days 
3 Oct 89 

L-2 Days 
9 Oct 89 

PMBT 

75 

82 

82 

FBMBT 

80 

80 



L-24 Hours 




17 Oct 89 ; 

P^tJai^ch 


PMBT 


82 


FBMBT 

80 

80 



As can be seen, the PMBT and FBMBT 
did not change from the L-9 day predic- 
tion to the postlaunch calculation using 
reconstructed ambient data. 

All predictions were based on the 
following four sources of data: 

a. Thiokol Launch Support Service (LSS) 
Office (faxed weather data). 

b. KSC Weather Station (modem trans- 
mission). 

c. Florida Solar Energy Center (FSEC) 
(modem transmission). 
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d. Central Data System (CDS) data 
collected at HOSC (faxed weather 
data). 

The data from the Thiokol LSS Office 
were used wherever possible, and were 
the primary source of environmental 
data. The ambient temperature from the 
KSC Weather Station was used as the 
next source along with windspeed and 
direction from the FSEC. The ambient 
temperature data from the FSEC were 
used only when the other sources were 
unavailable. The FSEC, however, was 
the sole source for sky temperature and 
solar flux. The CDS data collected at 
the HOSC during the countdown were 
the ambient temperature data used 
during the 69 hr prior to launch. 

The FBMBT calculations were not 
actually conducted since the flex bearing 
temperature was projected to be above 
75 °F and the aft skirt purge was not 
expected to operate. Due to the slow 
transients in the aft skirt, the aft end 
ring temperature can be used as a reli- 
able indicator of the FBMBT. The aft 
end ring temperature and FBMBT were 
80 °F throughout the prelaunch period. 

4. 8.3.4 On-Pad Environmental 
Evaluations. Actual environmental data 
for the final 24 hr prior to launch can be 
visualized in Figures 4-10 through 4-14 
and summarized together with GEI in 
Table 4-14. The ambient temperature 
data recorded during a 61-hr period prior 
to launch varied from 69° to 85 °F. The 
normal temperature range experienced 
during the month of October is from a 
low of 71®F to a high of 80’F. The 
85 *F temperature represents a +la 
deviation from the historical October 
mean afternoon (1200 to 1400 hr) high 
temperature. The windspeeds during 
this same timeframe were slightly lower 
than the historical conditions, averaging 
approximately 8 kn, while the historical 
average is approximately 12.5 kn. Wind 
direction began in a northeasterly 
direction and swung steadily southward 
to a southerly direction at the time of 
launch. The historical wind direction is 
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typically northeasterly during the month 
of October. 

The local on-pad environment due to 
October historical predictions suggests an 
average 1°F temperature suppression 
while the ET is loaded for winds from 
the southeast direction. The actual wind 
direction during the LCC timeframe was 
roughly from the south. From GEI 
assessments, there was no evidence of 
temperature suppression due to ET 
cooling effects. 

4.8.3.5 Launch Commit Criteria. No 
LCC thermal violations were noted. 
Measured GEI and heater sensor data for 
the end of the LCC timeframe (T-5 min) 
are presented in Table 4-15 and are 
compared to the LCC requirements. 

The igniter heaters were activated 
for approximately 12.5 hr during the 
18 October launch countdown and per- 
formed as expected. Cooldown, after 
heater shutoff, occurred over an approxi- 
mate 7.5-hr period and resulted in 
T-5-min igniter sensor temperatures of 
83° to 86 °F. The igniter temperatures 
at the time of initial heater activation 
48 hr earlier were 77° to 83 ®F. Since 
the ambient temperature at the time of 
heater activation was nearly identical to 
the ambient temperature at the time of 
launch, the net effect of the heaters was 
to raise the igniter temperatures by 
only 3° to 6°F. 

The heaters were deactivated ap- 
proximately 50 min earlier than specified 
in the OMRSD. The early deactivation 
resulted in an IPR which was disposi- 
tioned by a waiver of the OMRS. Due to 
the short duration of the launch window, 
a concerted effort was made to perform 
all launch sequence steps earlier than 
required by the OMI. OMI Steps 16- 
0083 through 16-0088 provide instruc- 
tions for igniter heater power removal 
and the pyrotechnic initiator controller 
(PIC) resistance test (Go Mode). 
Although the appropriate OMRSD re- 
quirements are referenced in the OMI 
steps, no actual mention is made of the 
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PLOTTED 20 -OCT- 1989 13:02:38 PLOT 1 

360L006 (STS -34) LAUNCH COUNTDOWN 

AMBIENT TEMPERATURE AT CAMERA SITE § 3 


ZERO REF: 12:53 PM EDT (KSC) 18-0CT-1989 



•NOTE T-0 REF 1989:391: 16:53 <0 020 CUT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR BASED ON SRM orientation 
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— KMTTA00I A (AMBIENT) 


Figure 4-10. Ambient Temperature at Camera Site 3 


PLOTTED 20-OCT— 1989 13:03:03 


PLOT 2 


360L006 (STS-34) LAUNCH COUNTDOWN 

WIND SPEED AT CAMERA SITE § 3 


OVERLAID WITH AMBIENT 
ZERO REF: 12:53 PM EDT (KSC) 18-0CT-1989 
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Figure 4-11. Windspeed at Camera Site 3 — Overlaid With Ambient 
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PLOTTED 20 -OCT - 1989 13.03 28 


PLOT 3 


360L006 (STS -34) LAUNCH COUNTDOWN 

WIND DIRECTION AT CAMERA SITE 8 3 
OVERLAID WITH AMBIENT 
ZERO REF. 12:53 PM EDT (KSC) 1Q-0CT-1989 
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Figure 4-12. Wind Direction at Camera Site 3 — Overlaid With Ambient 
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PLOT 4 


360L006 (ST3-34) LAUNCH COUNTDOWN 

HUMIDITY CAMERA SITE #3 
OVERLAID WITH AMBIENT 
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Figure 4- 13. Humidity at Camera Site 3 - Overlaid With Ambient 
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PLOTTED 20-OCT- 1989 13:04:16 


PLOT 5 


360L006 (STS-34) LAUNCH COUNTDOWN 

BAROMETRIC PRESSURE CAMERA SITE ff 3 
OVERLAID WITH AMBIENT 
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Figure 4- 14. Barometric Pressure at Camera Site 3 - Overlaid With Ambient 
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Table 4-14. T-5-Minute On-Pad Temperatures * 
(represents end of LCC timeframe) 


T-1 2-Hour October Actual 

Component . ' Predictions* Historical ^ GEI 


Igniter 


RH 

88-92 

83-83 

83-85 

LH 

88-92 

83-83 

83-86 

Reid Joint 

RH Forward 

96-108 

100-102 

97-107 

LH Forward 

96-104 

100-102 

98-99 

RH Center 

96-108 

100-102 

97-103 

LH Center 

96-104 

98-100 

97-104 

RH Aft 

96-108 

97-99 

97-108 

LH Aft 

96-104 

97-99 

95-96 

Nozzle-to-Case Joint 

RH 

80-85 

82-83 

83-83 

LH 

80-85 

82-83 

82-83 

Rex Bearing Aft End Ring 

RH 

78-82 

82-83 

82-85 

LH 

78-82 

82-83 

82-83 

Case Acreage (deg) 

RH- 45 

- 

77-78 

83-85 

135 

- 

76-77 

80-93 

215 

- 

76-77 

80-90 

270 

80-86 

77-78 

83-87 

325 

- 

77-78 

80-83 

LH- 45 

- 

76-77 

80-83 

135 

- 

76-77 

80-85 

215 

- 

77-78 

80-82 

270 

80-86 

77-78 

79-81 

325 

- 

76-77 

8082 

Local Environment 

Temperature 

85 

80 

84 

Windspeed (kn) 

- 

13 

9-12 

Wind Direction 

- 

E-NE 

S 

Cloud Cover 


Partly 

Cloudy 


♦In °F 

♦♦Predictions for anticipated launch window at T-5 min 


III 


66-123 

66-123 


85-122 

85-122 

85-122 

85-122 

85-122 

85-122 


75-115 

75-115 


NA/ 115 
NA/115 


35- NA 


35-NA 


38-99 

24 

SW-SE 
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Table 4-15. Actual GEI Countdown and Historically Predicted 
On-Pad October Temperatures* 

(LCC timeframe temperatures also included) 


Daily Cycling si; T-6 Hour to T-S Minutes 
x October Actual : October Actual 
Historical iitGEiali Historical || GEI 1111 LCC 


Igniter 


RH 

77-80 

78-80 

83-100 

83-98 

66-123 

LH 

77-80 

77-80 

83-100 

83-102 

66-123 

Reid Joint 

RH Forward 

70-78 

80-94 

97-103 

92-108 

85-122 

LH Forward 

70-77 

79-88 

97-103 

93-102 

85122 

RH Center 

70-78 

80-97 

97-103 

93-106 

85122 

LH Center 

70-77 

80-89 

97-103 

93-106 

85122 

RH Aft 

70-78 

79-89 

97-102 

91-109 

85122 

LH Aft 

70-77 

78-89 

97-102 

92-100 

85122 

Nozzle-to-Case Joint 

RH 

72-77 

80-83 

78-82 

80-85 

75115 

LH 

72-77 

77-80 

78-82 

80-83 

75115 

Rex Bearing Aft End Ring 

RH 

72-77 

77-78 

78-82 

82-85 

NA-115 

LH 

72-77 

78-78 

78-82 

80-85 

NA-115 

Case Acreage (deg) 

RH- 45 

70-77 

77-86 

70-77 

78-85 

- 

135 

70-77 

74-99 

70-77 

74-93 

- 

215 

72-78 

77-94 

72-77 

77-90 

- 

270 

72-78 

77-88 

72-77 

77-86 

35 NA 

325 

71-77 

75-83 

71-77 

75-83 

- 

LH - 45 

71-78 

77-90 

71-77 

77-83 

- 

135 

70-78 

77-85 

70-77 

77-85 

- 

215 

70-78 

75-82 

70-77 

75-82 

- 

270 

72-78 

75-83 

72-77 

75-81 

35NA 

325 

72-78 

77-88 

72-77 

77-82 

- 

Local Environment 

Temperature 

71-80 

75-85 

71-80 

75-85 

3599 

Windspeed (kn) 

13 

3-15 

13 

3-14 

24 

Wind Direction 
Cloud Cover 

E-NE E-SW 

Partly Cloudy 

E-NE SW-SE 

Partly Cloudy 

SW-SE 


*ln °F 
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requirement that igniter heater deactiva- 
tion is not to be performed prior to T-4 
hr. Therefore, the igniter heater power 
removal was performed at the earliest 
possible moment, T-4 hr 50 min. The 
result of the early deactivation was 
negligible, due to the warm ambient 
temperatures prior to launch. 

The six field joint heaters performed 
adequately and as expected with a 17 # F 
sensor temperature range from 92° to 
109 °F during the LCC timeframe. Of 
the 24 field joint sensors, 23 recorded 
temperatures in the expected range. 
The LH center field joint temperature 
sensor at 195 deg was severed prior to 
the SIT, and was deleted from the 
control logic of the field joint heater. 
The LCC requirement is that two of four 
sensors be operational, so the loss of the 
single sensor posed no problem from 
either a heater control or LCC 
standpoint. 

The SRB aft skirt purge operation 
was not activated until T-15 min because 
of the warm ambient and component 
temperatures. This was done in accor- 
dance with the OMI which instructs the 
operator to control the "SRB flow rate 
purge as required to maintain the fol- 
lowing limits: Flex Bearing 60°-115°F 

and Nozzle/Case Joint 75°-115 <> F." 

4.8.3.6 Prelaunch Thermal Data 
Evaluation. Figures 4-15 through 4-19 
show locations of the GEI and joint 
heater sensors for the igniter adapter, 
field joints, case acreage, nozzle region, 
and aft exit cone, respectively. Figures 
4-20 through 4-49 present October his- 
torical predictions. These predictions are 
based on event sequencing, as specified 
in Table 4-16. Figures 4-50 through 4- 
106 show actual STS-34 countdown data. 

The ambient temperature was 
approximately + 1 o above the historical 
value while the vehicle was on the pad. 
The actual high temperature the day 
before launch was 5°F warmer than the 
normal October high temperature. 
Because of this, the actual GEI and joint 

90339 - 4.62 


heater sensor data were at higher 
temperatures than the October historical 
on-pad predictions. The predicted igniter 
sensor, nozzle-to-case joint, and flex 
bearing aft end ring temperatures varied 
more during a daily cycle than the actual 
GEI temperatures. The LCC time period 
(T-6 hr to T-5 min) predictions were in 
good agreement with the actual data 
given the fact the aft skirt purge system 
did not operate (see Table 4-14). The 
T-5 min historical versus actual tem- 
perature comparisons were also in close 
agreement although the actual case 
acreage temperatures were about 5°F 
higher than the historical average (see 
Table 4-15). The L-12-hr predictions of 
launch time conditions, which incorporate 
an environmental update for the last 24 
hr prior to launch, were in good 
agreement with most of the GEI. The 
predicted igniter sensor temperatures 
after cooldown were higher than the 
actual measured temperatures (see Table 
4-14). 

Postflight reconstructed predictions 
of GEI and igniter/field joint heater 
response have been performed using the 
actual environmental data from the 24 hr 
prior to launch. Because of the in- 
creased accuracy seen from the STS-28R 
flight, the postflight predictions were 
made using the measured solar data, and 
use of the historical values was discon- 
tinued. The historical values can be 
easily incorporated into the model in the 
event that measured solar data become 
unavailable from the FSEC. A few ex- 
amples of the predictions, compared with 
actual measured sensor data, are found 
in Figures 4-107 through 4-122. 
Reasonable agreement is apparent in all 
areas except the ET attach ring, the LH 
SRB systems tunnel, and the nozzle-to- 
case joint regions. In the future, model- 
ing improvements (environment and 
detail) need to be made in these regions. 

Infrared temperature measurements 
taken by the infrared gun during the 
T-3-hr ice/debris pad inspection were 
found to be anomalous and therefore 

doc no. TWR-17545 vol I 
pace 62 



CORPORATION 

SPACE OPERATIONS 


184.5 deg*-\ 180 deg 


/° o /' 

° °/7 
/O 0/7 




External 

Tank 




'7° ° 

7o° 0 y 


^PoJ 


jo o 
l]o oj 
,yo of 
'Zp o/ 

® o/ 


104.5 deg* 


356.5 deg * 


Legend 

A GEI Temperature 
% Pressure (OFI) 


Aft Looking Forward 


M of 2 required for LCC 
compliance 


Figure 4-15. Forward Dome GEI 
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Figure 4-16. Field Joint Heater Temperature Sensors 
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Reference Angles 
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Figure 4-17. Case Ground Environmental Instrumentation (GEI) 



A GEI Temperature 

*2 of 3 per each location required for LCC compliance 
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Figure 4-18. Nozzle/Exit Cone 
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Figure 4-19. Aft Exit Cone GEI 


Table 4-16. Analytical Timeframes for Estimating Event Sequencing of 
October Historical Joint Heater and GEI Sensor Predictions 


Time 

(hr) ...Couf^ 


0 

Midnight KSC EST (16 Oct 89) 

37.5 

Igniter heater operation begins on 17 Oct 89 
(L-24 hr) 

45.5 

Aft skirt conditioning operation begins on 
17 Oct 89 (T-12 hr + 4 hr for holds) 

49.5 

Reid joint heater operation begins on 
17 Oct 89 (T-8 hr + 4 hr for holds) 

51.5 

Induced environments due to ET refrigeration 
effects begin early on 18 Oct 89 
(T-6 + 4 hr for holds) 

54.5 

Igniter heater shutoff/start cooldown 
(T-4 hr + 3 hr for holds) 

61.5 

Assumed time of launch (18 Oct 89) 


Note: Figures 4-20 through 4-49 consist of a 2-day plus 
13.5-hour scenario 
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RIGHT SRM IGNITION SYSTEM REGION 


HEATER AND GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



.NOTE: ASSUMED TIME OF LAUNCH AI 

61.5 HOURS INTO THE SCENARIO 
HEATERS START AT 37.5 HOURS 
ET INDUCED ENVIRONMENT AT 51.5 HOUR 



LOCATION (DEC) 

265 

- 275 


^ auBiEnT 


Figure 4-20. RH SRM Ignition System Region - Heater and GEI 
Sensor Temperature Prediction 


RIGHT SRM FORWARD FIELD JOINT 

HEATER SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



•NOTE- ASSUMED TIME OF LAUNCH AT 

61 5 HOURS INTO THE SCENARIO 
HEATERS START AT 37.5 HOURS 
ET INDUCED ENVIRONMENT AT 51.5 HOUR 


LOCATION (DEC) AT STA 051.5 

J- - 135 

S 195 

E? — 285 

» AMBIENT 


Figure 4-21. RH SRM Forward Field Joint - Heater Sensor Temperature Prediction 
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RIGHT SRM CENTER FIELD JOINT 

HEATER SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 
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TIME (HOURS) ZERO REF AT MIDNIGHT 
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61.5 HOURS INTO THE SCENARIO 
HEATERS START AT 37.5 HOURS 
O INDUCED ENVIRONMENT AT 51.5 HOUR 
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Figure 4-22. RH SRM Center Field Joint - Heater Sensor Temperature Prediction 


RIGHT SRM AFT FIELD JOINT 

HEATER SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 


Ld 
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£ 85 
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TIME (HOURS) ZERO REF AT MIDNIGHT 
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Figure 4-23. RH SRM Aft Field Joint - Heater Sensor Temperature Prediction 
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RIGHT SRM NOZZLE REGION 


GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



TIME (HOURS) ZERO REF AT MIDNIGHT 


•NOTE: ASSUUEO TIME OF LAUNCH AT 

6 I .5 HOURS INTO THE SCENARIO 
HEATERS START AT 37.5 HOURS 
ET INDUCED ENVIRONMENT aT 5 1.5 HOUR 


LOCATION (DEC) AT STA 1875 

D — 1 so 

J- - 300 

g 60 
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Figure 4-24. RH SRM Nozzle Region — GEI Sensor Temperature Prediction 


RIGHT SRM FWD CASE ACREAGE 

GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



•NOTE: ASSUUEO HmE OF LAUNCH AT 

61.5 HOURS INTO THE SCENARIO 
HEATERS START AT 37 5 HOURS 
ET INDUCED ENVIRONMENT AT 51.5 HOUR 


LOCATION (OEC) AT STA 931.5 
D — *5 

J- - >35 

C 325 

— 270 
* — 215 

o 1 ambient 


Figure 4-25. RH SRM Forward Case Acreage - GEI Sensor Temperature Prediction 
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RIGHT SRM FWD CNTR CASE ACREAGE 


GE I SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



TIME (HOURS) ZERO REF AT MIDNIGHT 


• NOTE: ASSUMED Hm£ Of LAUNCH AT 

61.5 HOURS INTO THE SCENARIO 
HEATERS START AT 37.5 HOURS 
ET INDUCED ENVIRONMENT AT 51.5 HOUR 


LOCATION (DEC) AT STA 1091.5 

0 45 
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Figure 4-26. RH SRM Forward Center Case Acreage - GEI Sensor Temperature Prediction 


RIGHT SRM AFT CNTR CASE ACREAGE 


GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



TIME (HOURS) ZERO REF AT MIDNIGHT 


•NOTE: ASSUMED TIME OF LAUNCH a! 

61.5 HOURS INTO THE SCENARIO 
HEATERS START AT 37 5 HOURS 
ET INDUCED ENVIRONMENT AT 51.5 HOUR 


LOCATION (DEC) AT STA 1411.5 

D — 45 
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AMBIENT 


Figure 4-27. RH SRM Aft Center Case Acreage - GEI Sensor Temperature Prediction 
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RIGHT SRM AFT CASE ACREAGE 

GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



TIME (HOURS) ZERO REF AT MIDNIGHT 

• NOTE: ASSUUED TIME Of LAUNCH AT 

6 1. 5 HOURS INTO THE SCENARIO 
HEATERS START AT 37.5 HOURS 
ET INDUCED ENVIRONMENT AT 5 1.5 HOUR 



Figure 4-28. RH SRM Aft Case Acreage — GEI Sensor Temperature Prediction 


RIGHT SRM FWD DOME FACTORY JOINT 

GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



TIME (HOURS) ZERO REF AT MIDNIGHT 

•NOTE: ASSUMED TIME Of LAUNCH AT LOCATION (DEG ) AI STA 534.5 

61.5 HOURS INTO THE SCENARIO _ _Hl _ , 50 

HEATERS START AT 37.5 HOURS & 270 

ET INDUCED ENVIRONMENT AT 51.5 HOUR 0 AM&CnT 


Figure 4-29. RH SRM Forward Dome Factory Joint - GEI Sensor Temperature Prediction 
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RIGHT SRM FWD FACTORY JOINT 

GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



•NOTE: ASSUMED TIME OF LAUNCH AT 

61.5 HOURS INTO THE SCENARIO 
HEATERS START AT 37.5 HOURS 
FT INDUCED ENVIRONMENT AT 51 5 HOUR 


LOCATION (DEC) AT STA 694.5 

-- tl, 

r- 
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Figure 4-30. RH SRM Forward Factory Joint - GEI Sensor Temperature Prediction 


RIGHT SRM AFT FACTORY JOINT 


GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



•NOTE: ASSUMED Time OF LAUNCH AT 

61.5 HOURS INTO THE SCENARIO 
HEATERS START AT 37.5 HOURS 
FT (NDUCEO ENVIRONMENT AT 51.5 HOUR 
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Figure 4-31. RH SRM Aft Factory Joint - GEI Sensor Temperature Prediction 
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RIGHT SRM AFT DOME FACTORY JOINT 

GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



•note. assumed hue of launch at 

61.5 HOURS INTO THE SCENARIO 
HEATERS START AT 37.5 HOURS 
ET INDUCED ENVIRONMENT AT 51.5 HOUR 



LOCATION (DEC) AT STA 1017.6 
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Figure 4-32. RH SRM Aft Dome Factory Joint - GEI Sensor Temperature Prediction 


RIGHT SRM TUNNEL BONDLINE 


GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



•NOTE: ASSUMED T1UE OF LAUNCH AT 

61.5 HOURS INTO THE SCENARIO 
HEATERS START AT 37.5 HOURS 
a INDUCED ENVIRONMENT AT 51.5 HOUR 
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Figure 4-33 . RH SRM Tunnel Bondline - GEI Sensor Temperature Prediction 
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RIGHT SRM ET ATTACH REGION 


GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



TIME (HOURS) ZERO REF AT MIDNIGHT 


•NOTE: ASSUMEO HmE OF LAUNCH AT 
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HEATERS START AT 37. S HOURS 
ET inDUCEO ENVIRONMENT AT 5 1.5 HOUR 
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Figure 4-34. RH SRM ET Attach Region — GEI Sensor Temperature Prediction 


LEFT SRM IGNITION SYSTEM REGION 

HEATER AND GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



TIME (HOURS) ZERO REF AT MIDNIGHT 


•NOTE. ASSUMED Time Of LAUNCH AT 

61.5 HOURS INTO THE SCENARIO 
HEATERS START At 37.5 HOURS 
ET INDUCED ENVIRONMENT AT 51.5 HOUR 
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Figure 4-35. LH SRM Ignition System Region - Heater and 
GEI Sensor Temperature Prediction 
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LEFT SRM FORWARD FIELD JOINT 

HEATER SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



•NOTE: ASSUMED HUE Of LAUNCH AT 

6 I S HOURS INTO THE SCENARIO 
HEATERS START Al 37.5 HOURS 
ET INDUCEO ENVIRONMENT AT 51.5 HOUR 


Figure 4-36. LH SRM Forward Field Joint - Heater Sensor Temperature Prediction 
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HEATER SENSOR TEMPERATURE PREDICTION 
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Figure 4-37. LH SRM Center Field Joint - Heater Sensor Temperature Prediction 
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LEFT SRM AFT FIELD JOINT 


HEATER SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



TIME (HOURS) ZERO REF AT MIDNIGHT 


• NOTE ASSUMED HUE OF LAUNCH AT 

61.5 HOURS INTO THE SCENARIO 
HCAICRS START AT 37.5 HOURS 
D INDUCED ENVIRONMENT AT 5 1 5 HOUR 
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Figure 4-38. LH SRM Aft Field Joint - Heater Sensor Temperature Prediction 


LEFT SRM NOZZLE REGION 


GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



TIME (HOURS) ZERO REF AT MIDNIGHT 


• NOTE: ASSUMED TIME OF LAUNCH AT 

61.5 HOURS INTO THE SCENARIO 
HEATERS START AT 37.5 HOURS 
ET INDUCED ENVIRONMENT AT 51.5 HOUR 
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Figure 4-39. LH SRM Nozzle Region - GEI Sensor Temperature Prediction 
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LEFT SRM FWD CASE ACREAGE 


GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONME7NAL DATA 
OCTOBER 



• NOTE ASSUMED TIME Of LAUNCH AT 

61 5 HOURS INTO THE SCENARIO 
HEATERS START AT 37.5 HOURS 
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Figure 4-40. LH SRM Forward Case Acreage - GEI Sensor Temperature Prediction 
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Figure 4-41. LH SRM Forward Center Case Acreage - GEI Sensor Temperature Prediction 
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GEI SENSOR TEMPERATURE PREDICTION 
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OCTOBER 
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Figure 4-42. LH SRM Aft Center Case Acreage - GEI Sensor Temperature Prediction 
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GEI SENSOR TEMPERATURE PREDICTION 
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OCTOBER 
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Figure 4-43. LH SRM Aft Case Acreage - GEI Sensor Temperature Prediction 
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LEFT SRM FWD DOME FACTORY JOINT 


GEI SENSOR TEMPERATURE PREDICTION 
BASED ON KSC MONTHLY HISTORICAL ENVIRONMENTAL DATA 
OCTOBER 



•NOTE: ASSUMED TIME Of LAUNCH AT 

61.5 HOURS INTO THE SCENARIO 
HEATERS start AT 37.5 HOURS 
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LOCATION (DEC) AT STA 534.5 

- n — 30 

- 150 

-S 270 

AuaENT 


Figure 4-44. LH SRM Forward Dome Factory Joint - GEi Sensor Temperature Prediction 
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Figure 4-45. LH SRM Forward Factory Joint - GEI Sensor Temperature Prediction 
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Figure 4-46. LH SRM Aft Factory Joint - GEl Sensor Temperature Prediction 
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Figure 4-47. LH SRM Aft Dome Factory Joint - GEl Sensor Temperature Prediction 
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Figure 4-48. LH SRM Tunnel Bondline - GEI Sensor Temperature Prediction 
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Figure 4-49. LH SRM ET Attach Region - GEI Sensor Temperature Prediction 
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Figure 4-51. RH SRM Igniter Joint Temperatures - Overlaid With Ambient 
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Figure 4-53. RH SRM Forward Field Joint Temperature — Overlaid With Ambient 
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Figure 4-54. LH SRM Center Field Joint Temperature - Overlaid With Ambient 
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Figure 4-55. RH SRM Center Field Joint Temperature - Overlaid With Ambient 
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Figure 4-56. LH SRM Aft Field Joint Temperature - Overlaid With Ambient 
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Figure 4-57. RH SRM Aft Field Joint Temperature - Overlaid With Ambient 
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Figure 4-58. LH SRM Nozzle/Case Joint Temperature — Overlaid With Ambient 
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Figure 4-59. RH SRM Nozzle/Case Joint Temperature - Overlaid With Ambient 
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Figure 4-60. LH SRM Flex Bearing Aft End Ring Temperature — Overlaid With Ambient 
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Figure 4-61. RH SRM Flex Bearing Aft End Ring Temperature - Overlaid With Ambient 


90339-5.34 

ORIGINAL PAGE IS 


OF POOR QUALITY 


doc no. TWR- 17545 vol I 
pace 86 






CORPORATION 

SPACE OPERATIONS 


PLOTTED 20- OCT- 1909 13:13:04 PLOT 10 



■NOTE T-0 REF 1989 291 16 53 40 020 GMT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 



LECEND 

KMTTA001A (AMBIENT) 
B06T7009A (FWD) 
B06T7020A (aFT 'CNTR) 
B06T703 1 A (AFT) 
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Figure 4-63. RH SRM Tunnel Bondline Temperature - Overlaid With Ambient 
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Figure 4-64. LH SRM Field Joint Temperature at 285-Deg Location — 
Overlaid With Ambient 
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Figure 4-65. RH SRM Field Joint Temperature at 285-Deg Location — 
Overlaid With Ambient 
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Figure 4-66. LH SRM Case Acreage Temperature at Station 931.5 - 
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Figure 4-67. LH SRM Case Acreage Temperature at Station 1091.5 
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ZERO REF: 12:53 PM EDT (KSC) 18-0CT-1989 



•NOTE T-0 REF 1909:29116 53 40 020 CMT 
PLOTTED FROM NRT DATA (1/3 SPU) 

ALL REF INSTR BASED ON SRM ORIENTATION 


LECEND 


H KMTTAOOIA (AMBIENT) 

H B06T80 lOA (135 DEC) 

06 B06T80 1 1 A 

45 DEC) 

^ 806T8Q 12a 

'215 DEC) 

¥ B06T80 (3a 

'270 DEC) 

B06T8014A 

(325 DEG) 


Figure 4-70. RH SRM Case Acreage Temperature at Station 931.5 - 


PLOTTED 20-0CT- 1989 13:20:06 


Overlaid With Ambient 


PLOT 27 


360L006 (STS-34) LAUNCH COUNTDOWN 

RIGHT SRM CASE ACREAGE TEMP AT STATION 1091.5 
OVERLAID WITH AMBIENT 
ZERO REF: 12:53 PM EDT (KSC) 18-0CT-1989 



•NOTE T-0 REF 1909:291:16:53 40 020 CUT 
PLOTTED FROU NRT DATA (1/3 SPU) 

ALL REF INSTR BASED ON SRM ORIENTATION 



t r<TNn 

KMTTAOOIA (AUBIENT) 
806T80 1 SA (135 DEC) 
B06T8016A (45 DEC) 
B06T80 l?A (215 DEC) 
B06TBO 1 0 A (270 DEC) 
B06T8019A (325 DEC) 


Figure 4-71. RH SRM Case Acreage Temperature at Station 1091.5 — 

Overlaid With Ambient 
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PLOTTED 20-0CT- 1989 13:20:55 


PLOT 20 


360L006 (STS-34) LAUNCH COUNTDOWN 

RIGHT SRM CASE ACREAGE TEMP AT STATION 1-111.5 
OVERLAID WITH AMBIENT 



♦NOTE T-0 REF 1909:291:16:53:40 020 CMT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF 1NSTR BASED ON SRM ORIENTATION 



LEGEND 

KMTTA001A (AMBIENT) 
BO6T0O2 l A (135 DEG) 
BO6T0O22A (45 DEG) 
8O6T0O23A (215 DEG) 
B06T6024A (270 DEG) 
B06T8025A (325 DEC) 


Figure 4-72. RH SRM Case Acreage Temperature at Station 1411.5 - 

Overlaid With Ambient 

PLOTTED 20-0CT- 1989 13:21:45 PLOT 29 

360L006 (STS-34) LAUNCH COUNTDOWN 

RIGHT SRM CASE ACREAGE TEMP AT STATION 1751.5 
OVERLAID WITH AMBIENT 



HOURS 


NOTE T-0 REF 1909:291:16:53 40 020 GMT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 



LECEND 
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Figure 4-73. RH SRM Case Acreage Temperature at Station 1751.5 - 
Overlaid With Ambient 
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PLOTTED 20-0CT- 1989 13:22:41 PLOT 30 

360L006 (STS — 34) LAUNCH COUNTDOWN 

LEFT SRM CASE ACREAGE TEMP AT 45 DEG LOCATION 
OVERLAID WITH AMBIENT 



•NOTE T-0 REF 1989:291:16 53 40 020 GMT 
PLOTTED FROM NRT DATA ( 1 /3 SPM) 

AU REF 1NSTR BASED ON SRM ORIENTATION 



LEGEND 

KMTTA001A (AMBIENT) 
B06T7010A (STAT » 931 5) 
B06T7015A (STAT - 1091.5) 
B06T702 1 A (STAT = 1411 5) 
B06T7035A (STAT - 1751.5) 


Figure 4-74. LH SRM Case Acreage Temperature at 45-Deg Location — 

Overlaid With Ambient 


PLOTTED 20-0CT- 1989 13:23:27 PLOT 31 

360L006 (STS-34) LAUNCH COUNTDOWN 

LEFT SRM CASE ACREAGE TEMP AT 135 DEG LOCATION 
OVERLAID WITH AMBIENT 



NOTE T-0 REF 1989:291:16:53 40 020 CUT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 



LEGEND 

: 
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Figure 4-75. LH SRM Case Acreage Temperature at 135-Deg Location - 

Overlaid With Ambient 
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PLOTTED 20-0CT- 1 989 13:24:15 


PLOT 32 


360L006 (STS-34) LAUNCH COUNTDOWN 

LEFT SRM CASE ACREAGE TEMP AT 215 DEG LOCATION 
OVERLAID WITH AMBIENT 
ZERO REF: 12:53 PM EDT (KSC) 18-OCT-1989 



•NOTE T-0 REF 1909 29! 16 50 40 020 GMT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR BASED OH SRM ORIENTATION 



LEGEND 

KMTTAOOIA (AMBIENT) 
B06T7014A (STAT «* 931 5) 
B06T7019A (STAT = 1091 5) 
B06T7025A (STAT = 1411 5) 
B06T7039A (STAT - 1751 5) 


Figure 4-76. LH SRM Case Acreage Temperature at 21 5-Deg Location - 

Overlaid With Ambient 


PLOTTED 20-0CT- 1969 13:25:02 PLOT 33 

360L006 (STS-34) LAUNCH COUNTDOWN 

LEFT SRM CASE ACREAGE TEMP AT 270 DEG LOCATION 
OVERLAID WITH AMBIENT 
ZERO REF: 12:53 PM EDT (KSC) 18-0CT-1989 



HOURS 


•NOTE T-0 REF 1989 29116 53 40 020 GMT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 




LEGEND 

KMTTAOOIA (AMBIENT) 
B06T7013A (STAT = 93l 5) 
B06T70I8A (STAT = 1091 5) 
B06T7024A (STAT = 1411 SI 
B06T7038A (STAT - 1751 5) 


Figure 4-77. LH SRM Case Acreage Temperature at 270-Deg Location - 

Overlaid With Ambient 
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PLOTTED 20-0CT- 1 989 13:25:4-1 


PLOT 34 


360L006 (STS -34) LAUNCH COUNTDOWN 

LEFT SRM CASE ACREAGE TEMP AT 325 DEG LOCATION 
OVERLAID WITH AMBIENT 



NOTE T-0 REP 1909 291 16 53 40 020 GMT 
PLOTTED FROM NRT DATA (1/3 SPU) 

ALL REF INSTR BASED ON SRM ORIENTATION 



LEGEND 

fc} — 

— KMTTAOO 1 A (AMBIENT) 

M — 

— B06T70I2A (STAT = 931 5) 

2$ 

— B06T7017A (STAT - 1091 5) 

V/ 

— B06T7023A (STAT *> 14 11 5) 

¥ 

— B06T7037A (STAT - |75| 5) 


Figure 4-78. LH SRM Case Acreage Temperature at 325-Deg Location — 

Overlaid With Ambient 


PLOTTED 2Q-0CT- 1 989 13:26:25 


PLOT 35 


360L006 (STS -34) LAUNCH COUNTDOWN 


RIGHT SRM CASE ACREAGE TEMP AT 45 DEG LOCATION 
OVERLAID WITH AMBIENT 
ZERO REF: 12:53 PM EDT (KSC) 18-0CT-I989 



NOTE T-0 REF 1909 29 I I 6:53 40 020 CMT 
PLOTTED FROM NRT DATA (l/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 



LEGEND 
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_ RAATA 8 1 A A fCTAT a 1 HQ 1 M 
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1 DUOIOUIOA IjI Al 3 IUjI Of 

t B06T6022A (STAT = 1411.5} 

BO6T0O36A (STAT - 1751 5) 


Figure 4-79. RH SRM Case Acreage Temperature at 45-Deg Location - 

Overlaid With Ambient 


90339 - 5.43 


doc no. TWR-17545 vol I 


PAGE 95 







77t>co/u>€ CORPORATION 
SPA CE OPERATIONS 


PLOTTED 20 -OCT- 1909 13:27:15 


PLOT 36 


360L006 (STS -34) LAUNCH COUNTDOWN 

RIGHT SRM CASE ACREAGE TEMP AT 135 DEG LOCATION 
OVERLAID WITH AMBIENT 



NOTE T-0 REF 1909:291:16.53 40 020 CMT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 
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jXCEND | 
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Figure 4-80. RH SRM Case Acreage Temperature at 135-Deg Location — 

Overlaid With Ambient 


PLOTTED 20 -OCT- 1989 13:20:17 


PLOT 37 


360L006 (STS -34) LAUNCH COUNTDOWN 


RIGHT SRM CASE ACREAGE TEMP AT 215 DEG LOCATION 
OVERLAID WITH AMBIENT 
ZERO REF: 12:53 PM EDT (KSC) 18-0CT-1989 



•NOTE T-0 REF 1989:291:16:53 40 020 CMT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 


LECEND 

KMTTAOO! A (AMBIENT) 
B06T80I2A (STAT = 931 5) 
B06T8017A (STAT - 1091 5) 
806T8023A (STAT = 1411.5) 
B06T8037A (STAT - 1751 5) 


Figure 4-81. RH SRM Case Acreage Temperature at 21 5-Deg Location - 

Overlaid With Ambient 
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PLOTTED 20-0CT-1989 13 29 12 


PLOT 38 


360L006 (STS ~34 ) LAUNCH COUNTDOWN 

RIGHT SRM CASE ACREAGE TEMP AT 270 DEG LOCATION 
OVERLAID WITH AMBIENT 



•NOTE T-0 REF 1909 29116 53 40 020 GMT 
PLOTTED FROM NRT DATA {1/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 


f 


LEGEND 

KMTTAOOU (AMBIENT) 
BO6T0OI3A (STAT = 931 5) 
BO6T0O10A (STAT - 109 1 5) 
BO6T0O24A (STAT = 14 11 5) 
BO6T0O30A (STAT - l7Sl 5) 


Figure 4-82. RH SRM Case Acreage Temperature at 270-Deg Location — 

Overlaid With Ambient 

PLOTTED 20-0CT- 1989 13:30:20 PLOT 39 

360L006 (STS-34) LAUNCH COUNTDOWN 

RIGHT SRM CASE ACREAGE TEMP AT 325 DEG LOCATION 
OVERLAID WITH AMBIENT 



NOTE T-0 REE 1969 291.16-53 40 020 GMT 
PLOTTED FROM NRT DAT* (1/3 SPM) 
all rep instr based on srm orientation 
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JLXGEND | 





^ 




Figure 4-83. RH SRM Case Acreage Temperature at 325-Deg Location — 

Overlaid With Ambient 
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PLOTTED 20-0CT-I989 L3 31.05 PLOT 40 

360L006 (STS-34) LAUNCH COUNTDOWN 


LEFT SRM ET ATTACH REGION TEMP AT STATION 1511.0 
OVERLAID WITH AMBIENT 
ZERO REF: 12:53 PM EDT (KSC) 18-0CT-1989 



•NOTE T-0 REF 1909 291.16 53 40 020 GMT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR 8ASED ON SRM ORIENTATION 




LEGEND 

KMTTAOO 1 A (AMBIENT) 
B06T7026A (220 DEC) 
B06T7027A (274 DEG) 
BO6T7O20A (320 DEG) 


Figure 4-84. LH SRM ET Attach Region Temperature at Station 1511.0 - 

Overlaid With Ambient 


PLOTTED 20 -OCT- 1989 I3:32:i0 


PLOT 4 I 


360L006 (STS-34) LAUNCH COUNTDOWN 

LEFT SRM ET ATTACH REGION TEMP AT STATION 1535.0 
OVERLAID WITH AMBIENT 
ZERO REF: 12:53 PM EDT (KSC) 18-0CT-1989 



■NOTE T-0 REF 1909 291.16 53 40 020 CUT 
PLOTTED FROM NKT DATA (1/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 




LECEND 

KMTTAOO I A (AMBIENT) 
B06T7029A (45 DEC) 
B06T7030A (135 DEG) 


Figure 4-85. LH SRM ET Attach Region Temperature at Station 1535.0 — 

Overlaid With Ambient 
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PLOTTED 20 -OCT- 1989 13:33 03 PLOT -*2 

360L006 (STS-34) LAUNCH COUNTDOWN 

RIGHT SRM ET ATTACH REGION TEMP AT STATION 1511.0 
OVERLAID WITH AMBIENT 
ZERO REF: 12:53 PM EDT (KSC) 18-0CT-1989 



•NOTE T-0 REP 1 909:29 1 : 1 6:53 40 020 GMT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 



LEGEND 


— KMTTAOO l A (AMBIENT) 

Q — 

— B06T8026A (320 DEC) 

ta 

— B06T8027A (266 DEC) 


— B06T802SA (220 DEC) 


Figure 4-86. RH SRM ET Attach Region Temperature at Station 1511.0 - 

Overlaid With Ambient 


PLOTTED 20-0CT- 1989 13:34:01 


PLOT 43 


360L006 (STS-34) LAUNCH COUNTDOWN 

RIGHT SRM ET ATTACH REGION TEMP AT STATION 1535.0 
OVERLAID WITH AMBIENT 
ZERO REF. 12:53 PM EDT (KSC) 18-0CT-1989 



‘NOTE T-0 REF 1989:291:16 53 40020 CMT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 




LEGEND 

KMTTAOO I A (AMBIENT) 
BO6T0O29A (IDS DEC) 
B06T6030A (45 DEC) 


Figure 4-87. RH SRM ET Attach Region Temperature at Station 1535.0 - 

Overlaid With Ambient 
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360L006 (STS -34) LAUNCH COUNTDOWN 

LEFT SRM FWD FACTORY JOINT TEMP 
OVERLAID WITH AMBIENT 
ZERO REF 12 53 PM EDT (KSC) 18-GCT-I989 
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T-0 RET )999 29l 16 53 40 020 GMT 
PLOTTED FROM NRT DATA U 3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 




LECEND 

KMTTAOO I A (AMBIENT) 
B06T7003A (270 DEC) 
B06T7004A I 45 DEG) 
B06T7005A <135 DEC) 
B06T7006A (325 DEC) 
B06T7007A <270 DEG) 
B06T7008A (215 DEG) 


Figure 4-88. LH SRM Forward Factory Joint Temperature - Overlaid With Ambient 
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> 

i 

1 1 ! ! ' i 


i 

i 

t 

: | ' * \ 

• 1 • i i 


! 

i 

! 

: : i : 1 i 


j 

1 

i i : ; 1 I 


i 

...... j 

i i 

| i ; | j ! 

. — 


1 . J ill 11 ■ 1 mi i i 


! vs 

I n / Ti 


rra 

] | 

Lti -li - T 

jUTUDTIT gr ; T ^177^53 1 ; 

VTr~ 

>-^v2r rs ; ~ 

1 rz : ' 1 S i 


! 1 

J ' ! 1 1 

J ; . : , i i | 



i ; 

4 1 I i i i i 



l i 

i I ! : 1 : : 1 



! 1 

i ' 

| 'iii 



! i 

: j 


-60 


-50 


-40 


-30 -20 -10 

HOURS 


•NOTE T-0 REF 1989 29 1 Jo 53 40 020 GMT 
PLOTTED FROM NRT DATA il 3 SPM) 
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Figure 4-89. LH SRM Aft Factory Joint Temperature at Station 1701.9 

Overlaid With Ambient 
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PLOTTED 20-0CT- 1 989 13.37 37 PLOT 46 

360L006 (STS — 34) LAUNCH COUNTDOWN 

LEFT 5RM AFT FACTORY JOINT TEMP (STATION 1021.0) 

OVERLAID WITH AMBIENT 



•NOTE T-0 REF 1989 291:10:53 40 020 CUT 
PLOTTED FROM NRT DATA (1/3 3PM) 

ALL REF 1NSTR BASED ON SRM ORIENTATION 



_ LEGEND 
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Figure 4-90. LH SRM Aft Factory Joint Temperature at Station 1511.0 - 

Overlaid With Ambient 

PLOTTED 20-0CT- 1989 13 30 47 PLOT 47 


360L006 (STS-34) LAUNCH COUNTDOWN 

RIGHT SRM FWD FACTORY JOINT TEMP 
OVERLAID WITH AMBIENT 



•NOTE T-0 REF l9B929r 16 53 40 020 CMT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 
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Figure 4-91. RH SRM Forward Factory Joint Temperature — Overlaid With Ambient 

90339-5.49 doc no. TWR- 17545 VOL I 

PACE 101 


ORIGINAL PAGE 13 

OF POOR QUALITY 






77^co^o€ CORPORATION 
SPACE OPERATIONS 


PLOTTED 20 -OCT - 1909 13.39 50 


PLOT 48 


360L006 (STS -34) LAUNCH COUNTDOWN 

RIGHT SRM AFT FACTORY JOINT TEMP (STATION 1701 9) 
OVERLAID WITH AMBIENT 



•NOTE T-OREF 1989 29116 53 40 020 GMT 
PLOTTED FROM NRT DATA (1/3 SPU) 

ALL REF (NSTR BASED ON SRM ORIENTATION 



LECEND 

KMTTaOO l A (AMBIENT) 
B06TQ032A (150 DEC) 
BOGT0O33A (30 DEC) 
806T6034A (270 DEC) 


Figure 4-92. RH SRM Aft Factory Joint Temperature at Station 1701.9 — 

Overlaid With Ambient 


PLOTTED 20 -OCT- 1 989 13:4 1 08 


PLOT 49 


360L006 (STS-34) LAUNCH COUNTDOWN 

RIGHT SRM AFT FACTORY JOINT TEMP (STATION 1821.0) 
OVERLAID WITH AMBIENT 
ZERO REF: 12 53 PM EDT (KSC) 1B-0CT-1989 
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•NOTE T-0 REF 1989-29116 53 40 020 CMT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 



LECEND 

KMTTAOOl A (AMBIENT) 
B06TB040A (150 DEC) 
B06T804 IA (30 DEC) 
806TB042 •. (270 OEC) 


Figure 4-93. RH SRM Aft Factory Joint Temperature at Station 1821.0 - 

Overlaid With Ambient 
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PLOTTED 20-OCT- 1969 13.4 1:54 


PLOT 50 


360L006 (STS-34) LAUNCH COUNTDOWN 

LEFT 3RM NOZZLE REGION TEMP AT STATION 18*45.0 
OVERLAID WITH AMBIENT 
ZERO REF: 12:53 PM EDT (KSC) 18-0CT-1989 



•NOTE T-0 REF 1989 291.16 53 40 020 GMT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 
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Figure 4-94. LH SRM Nozzle Region Temperature at Station 1845.0 - 

Overlaid With Ambient 
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PLOT 51 


360L006 (3TS-34) LAUNCH COUNTDOWN 

LEFT SRM NOZZLE REGION TEMP AT STATION 1950 0 
OVERLAID WITH AMBIENT 
ZERO REF: 12:53 PM EDT (KSC) 18-0CT-1989 
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■note t-0 REF 1989-291 16-53 40 020 CMT 
PLOTTED FROM NRT DATA 11 3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 


LECEND 

KUTTA001A (AMBIENT) 
B06T70S2A (0 DEC) 
B06T7053A ( 120 DEC) 
806T7054A (240 DEC) j 


Figure 4-95. LH SRM Nozzle Region Temperature at Station 1950.0 - 

Overlaid With Ambient 
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Figure 4-96. RH SRM Nozzle Region Temperature at Station 1845.0 

Overlaid With Ambient 
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RIGHT SRM NOZZLE REGION TEMP AT STATION 1950 0 
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ALL REF INSTR BASED ON SRM ORIENTATION 


LECEND 

KMTTAOOIA (AMBIENT) 
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B06T8054A (300 DEC) 


Figure 4-97. RH SRM Nozzle Region Temperature at Station 1950.0 - 

Overlaid With Ambient 
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Figure 4-98. LH SRM Forward Field Joint Temperature — Overlaid With Heater Voltage 
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Figure 4-99. RH SRM Forward Field Joint Temperature - Overlaid With Heater Voltage 
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Figure 4- 100. LH SRM Center Field Joint Temperature - Overlaid With Heater Voltage 
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Figure 4-101. RH SRM Center Field Joint Temperature — Overlaid With Heater Voltage 


90339-5.54 


ORIGINAL PAGE IS 
OF POOR QUALITY 


doc no. TWR- 17545 vol I 
page 106 


CORPORATION 

SPACE OPERATIONS 

PLOTTED 20 -OCT- 1989 13 47 42 


PLOT 58 


1 10 


^ 100 


a 

cd 

a 

cd 

oz 

D 

< 

0Z 

CD 

CL 

S 

CD 

E— 


360L006 (STS-34) LAUNCH COUNTDOWN 

LEFT 3RM AFT FIELD JOINT TEMPERATURE 
OVERLAID WITH HEATER VOLTAGE 
ZERO REF 12 53 PM EDT (KSC) 18-OCT-1989 


225 



-30 

HOURS 


T-0 REF 1989 29116 53 40 020 GMT 
PLOTTED FROM NRT DATA (1/3 SPM) 

ALL REF INSTR BASED ON SRM ORIENTATION 


£ 


LECEND 

B06T7068A 

B06T7069A 

B06T7070A 

B06T7071A 


;i5 DEC) 
135 DEG) 
195 DEG 
285 DEG) 


RICHT-AXJS LEGEND 
1 B06V7030A (HTR VOLT) 


Figure 4-102. LH SRM Aft Field Joint Temperature - Overlaid With Heater Voltage 
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Figure 4-103. RH SRM Aft Field Joint Temperature — Overlaid With Heater Voltage 
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Figure 4-104. LH SRM Igniter Joint Temperature — Overlaid With Ambient 
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Figure 4-105. RH SRM Igniter Joint Temperature — Overlaid With Ambient 
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Figure 4-106. Aft Skirt Purge Temperature and Pressure - Overlaid With Ambient 
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Figure 4-107. LH SRM Igniter Joint Temperature, B06T7085A (Igniter) — 
Measured Versus Postflight Prediction 
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•NOTE: T-0 SRB ICNIT10N 291: 10 53 40 020 CUT 

12:53 PM KSC EOT, 10 -OCT -1989 
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Figure 4-108. LH SRM Forward Field Joint Temperature, B06T7060A (15-Deg) - 
Measured Versus Postflight Prediction 
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Figure 4-109. LH SRM Forward Field Joint Temperature, B06T7061A (135-Deg) — 
Measured Versus Postflight Prediction 
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Figure 4-110. LH SRM Forward Field Joint Temperature , B06T7062A (195-Deg) - 
Measured Versus Postflight Prediction 
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Figure 4-111. RH SRM Forward Field Joint Temperature, B06T8063A (285-Deg) — 
Measured Versus Postflight Prediction 
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Figure 4-112. RH SRM Nozzle/Case Joint Temperature, B06T8049A (180-Deg) - 
Measured Versus Postflight Prediction 
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•NOTE: T-0 SRB ICN1T10N:29I : 16:53:40 020 CUT 

12:53 PM KSC EDT, 18 -OCT- 1969 
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Figure 4-113. LH SRM Tunnel Bondline Temperature, B06T7031A (Aft) - 
Measured Versus Postflight Prediction 
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Figure 4-114. RH SRM Case Acreage Temperature at Station 931.5, B06T8010A (135-Deg) - 

Measured Versus Postflight Prediction 
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Figure 4-115. RH SRM Case Acreage Temperature at Station 931.5, B06T8011A (45-Deg) - 

Measured Versus Postflight Prediction 


PLOTTED 29-NOV- 1989 10:47:47 


PLOT 63 


360L006 (STS-34) 

MEASURED VS POST-FUGHT PREDICTION 
RIGHT SRM CASE ACREAGE TEMP AT STATION 931.5 



•NOTE: T-0 SRB ICNIT10N:29l: 16:53:40 020 CUT 

12:53 PM KSC EDT. 18-0CT-1889 




LEGEND 

MEASURED (t SPM) 

PREDICTED (UEAS. SOLAR. 4 SPH) 


Figure 4-116. RH SRM Case Acreage Temperature at Station 931.5, B06T8012A (215-Deg) — 

Measured Versus Postflight Prediction 
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Figure 4-117. RH SRM Case Acreage Temperature at Station 931.5, B06T8013A (270-Deg) — 

Measured Versus Postflight Prediction 
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Figure 4-118. RH SRM Case Acreage Temperature at Station 931.5, B06T8014A (325-Deg) — 

Measured Versus Postflight Prediction 
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Figure 4-119. RH SRM ET Attach Region Temperature at Station 1511.0, B06T7027A (274-Deg) - 

Measured Versus Postflight Prediction 
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Figure 4-120. RH SRM Aft Factory Joint Temperature at Station 1701.9, B06T8032A (150-Deg) — 

Measured Versus Postflight Prediction 
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Figure 4-121. RH SRM Aft Factory Joint Temperature at Station 1701.9, B06T8033A (30-Deg) - 

Measured Versus Postflight Prediction 
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Figure 4-122. RH SRM Aft Factory Joint Temperature at Station 1701.9, B06T8034A (270-Deg) - 

Measured Versus Postflight Prediction 
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were not reported. The STI temperature 
measurements were used along with the 
GEI measurements to monitor SRM 
surface temperatures. Temperatures var- 
ied between about 76° and 80 °F during 
the T-3-hr pad inspection for both STI 
and GEI temperatures. 

4.8.3.7 Prelaunch Hardware 
Anomalies 

a. RH Center Field Joint Heater 
DWV Test Failure. The require- 
ment of the DWV test is that the 
heater and cabling exhibit no more 
than 1-mA current leakage when a 
1,500-V electrical potential is applied 
element to element and element to 
shield. The RH center joint primary 
heater and cabling failed the 1-mA 
requirement when only 100 V was 
applied. This failure was far more 
severe than any experienced to date. 
Due to the severity of the failure, the 
heater was disabled by opening the 
circuit breaker to avoid inadvertent 
activation of the heater. Under no 
circumstance was the primary heater 
to be activated. The redundant 
heater passed the DWV test and was 
used in place of the primary heater 
during the launch. The redundant 
heater performed nominally during 
the launch countdown. Postflight 
evaluation of the primary heater 
showed that the reason for the DWV 
test failure was a 2900-ohm short be- 
tween the primary heater and the 
heater shield. All heater cabling was 
functional. 

b. LH Forward Center Segment 
Heater Cabling Switch. During 
the installation of the LH forward 
field joint heater cabling on the LH 
forward center segment, the primary 
and redundant heater cables were 
inadvertently switched. Due to the 
different connector pin clockings and 

90339 - 4.118 


close tolerances on length of exposed 
installation on the segment by 
laying them up in a serpentine 
fashion. To correct the improper 
installation, the K5NA closeout 
material was trimmed back from 
each end of the segment until 
enough of the serpentined cable was 
exposed to give the necessary slack 
to cross the cables. The cable con- 
nectors were then positioned in their 
correct orientation and the K5NA 
closeout reapplied. No electrical 
concerns were identified with the 
process. Both heaters passed the 
DWV test, and the LH forward field 
joint heater performed nominally 
during the countdown. 

4.8.4 Conclusions and Recommen- 
dations 

A summary of these recommendations 
was previously presented in Section 3.3. 
A more detailed explanation is provided 
here. 

4.8.4. 1 Postflight Hardware Inspec- 
tion. Based on the quick-look external 
inspection, the SRM TPS performed 
adequately on STS-34. No unexpected 
heating effects were noted. The SRM 
TPS design from a thermal perspective 
continues to suggest that the worst-case 
flight design environments of the inte- 
grated vehicle baseline configuration 
(IVBC-3) and SRB reentry are for the 
most part overly conservative. An ex- 
ception to this is the environment in the 
nozzle base region during reentry when 
hydrazine fires and excessive nozzle 
flame heating are present (see STS-29R 
final report, TWR-17542, Volume I). 

4. 8.4. 2 Debris. No SRM violations of 
NSTS debris criteria were noted. The 
problem of losing the TPS cork caps 
covering the GEI cables due to poor cork 
bonds appears to have been alleviated. 
The K5NA closeout in place of the cork 

doc no. TWR- 17545 vol I 
pace 118 


77VCO&&& CORPORATION 
SPACE OPERATIONS 

caps is performing excellently and as 
expected. All TPS cork pieces (generally 
small) are due to nozzle severance debris 
and/or splashdown loads and debris. 

During ascent film review, indications 
suggested that there are debris particles 
coming out of the SRM nozzle prior to 
separation. The likelihood of these 
being chunks of propellant and/or insula- 
tion is being investigated. 

4.8.4.3 GEI Prediction. Additional 
model enhancement is recommended for 
certain motor regions in order to improve 
predictions. It should be noted, however, 
that the attainment of actual solar radia- 
tion data for the STS-28R and STS-34 
flights have improved postflight predic- 
tions significantly. Submodel develop- 
ment effort for the areas of the ET at- 
tach ring, field joint, factory joint, sys- 
tems tunnel, igniter, and nozzle regions 
is anticipated. These tasks would be 
encompassed by the global model. It is 
also recommended that all these models, 
including the three-dimensional SRM 
model, be made available for use at 
MSFC. This would allow Thiokol ther- 
mal personnel the opportunity to support 
launch countdowns at the HOSC with 
real-time PMBT, GEI, and component 
prediction updates. This would also al- 
low MSFC thermal personnel the same 
modeling capabilities. 

4.8.4.4 GEI Accuracy. It is recom- 
mended that the GEI data collection 
accuracy be increased by reducing the 
gage range and increasing the digital 
word length. The real fidelity of the 
KSC ground support equipment could 
then be quantified, and conceivably 
replaced, if determined to be inadequate. 

4.8.4.5 Local Chilling. Based on data 
from STS-28, STS-29R, and STS-30R 
local cooling does occur. Although no 
cooling effect was seen for the STS-34 
flight due to the southerly wind direc- 
tion, it is recommended that a method 


be developed to accurately quantify the 
chill effect. 

4.8.4.6 Infrared Measurements. STI 
data continue to be much more reliable 
than infrared gun measurements. Com- 
parisons with GEI are within acceptable 
margins for STI data, but are ques- 
tionable and unpredictable for infrared 
gun data. Future efforts should be made 
in specifying locations for additional sta- 
tionary STI cameras to assist in the 
eventual replacement of the outboard 
GEI (inboard GEI will need to be main- 
tained since the STI cannot reach these 
blind regions). 

4.8.4.7 Ice/Debris Team Support. 
Consideration should be given to provide 
consistency in the limited number of 
Thiokol personnel which support the 
ice/debris team from flight to flight. 
The present amount of team involvement 
should be maintained and built upon at 
opportune periods. 

4.8.4.8 SRM Hardware Thermal As- 
sessment. The SRM TPS design from a 
thermal perspective continues to suggest 
that the worst-case flight design environ- 
ments of the IVBC-3 and SRB reentry 
are, for the most part, overly conserva- 
tive. An exception to this is the environ- 
ment in the nozzle base region during 
reentry when excessive nozzle flame 
heating and hydrazine fires are present 
(see STS-29R final report, TWR- 17542, 
Volume I). USBI is in the process of 
obtaining updated thermal environments 
for the base region. However, follow- 
through needs to be made concerning 
the request. 

4.9 Measurement System 
Performance (DFI) 

(FEWG Report Para 2.9.5) 

Motor set 360L006 did not have any DFI 
installed. This section is reserved pend- 
ing any future motors that incorporate 
DFI. 
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4.10 Measurement System 
Performance 

(FEWG Report Para 2.9.7) 

4.10.1 Instrumentation Summary 

Table 4-17 shows the location and num- 
ber of instrumentation for 360L006. 
Note that the igniter heater sensors are 
classified as GEI, whereas the field joint 
heater sensors are listed under a 
separate category. The OFI consists of 
the three OPTs which are used to deter- 
mine the SRB separation time. 

4.10.2 GEI/OFI Performance 

The GEI instrumentation on flight set 
360L006 consisted of 108 temperature 
sensors, RTDs which monitor motor case 
temperature while the motor is on the 
pad. OFI consists of three OPTs on each 
forward dome. All GEI gages were 
functioning and all were within the al- 
lowable variation before launch with one 
exception. The LH center field joint 
heater sensor at 195-deg was damaged 
prior to the beginning of the SIT and 
provided no data during the countdown. 
One of the lead wires was severed during 
installation of the heater or the JPS. No 
LCC violation occurred due to this failure 
since only two of the four sensors per 
joint are required. (All GEI is discon- 
nected by breakaway umbilicals at SRB 
ignition and is not operative during- 
(flight). Tables 4-18 and 4-19 are the 
GEI list and include gages which consis- 
tently read differently from surrounding 


gages. Figures 4-15 through 4-19 show 
GEI/OFI locations. 

The OFI consists of three OPTs 
on each forward dome. The results of 
the 75 percent calibration (performed at 
T-1.5 hr) verified readings were well 
within the 740- to 804-psia allowable 
range and are listed below. 

360L006A (LH) 

Gage Reading 

B47P1300C 763.8 

B47P1301C 759.8 

B47P1302C 767.8 

360L006B (RH) 

Gage Reading 

B47P2300C 765.8 

B47P2301C 759.8 

B47P2302C 767.8 

4.10.3 Heater Sensor Performance 

Evaluation of the field joint heaters and 
heater sensor performance was discussed 
previously in Section 4.8.3. Table 4-20 
and Figure 4-16 list the joint heater sen- 
sors and show the gage locations, respec- 
tively. 

4.10.4 S&A Device Rotation Times 

Table 4-21 includes the arm and safe del- 
ta times for the S&A functional test per- 
formed prior to the STS-34 countdown. 
It can be seen that all values are less 
than the required 2.0 sec. Table 4-22 
lists the arm and safe times during the 
actual launch sequence (at T-5 min). As 
was the case with the functional test, all 
values are less than 2.0 sec. 


Table 4-17. 360L006 Instrumentation 

LH rh . - - 

Parameter OFI GEI Heater OFI GEI Heater Total 

Pressure 3 3 6 

Temperature 54* 12 54* 12 J32 

Total 138 

♦IncludesTgniter heater sensors 
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Table 4-18. GEIList—LHSRM(360L006A) 


§ 

mmm 


Case Location 

B06T7003A 

270 

534.5 

Forward segment 

B06T7004A 

45 

694.5 

Forward segment 

B06T70Q5A 

135 

694.5 

Forward segment 

B06T7006A 

325 

694.5 

Forward segment 

B06T7007A 

270 

694.5 

Forward segment 

B06T7008A 

215 

694.5 

Forward segment 

B06T7009A 

90 

778.98 

. Forward segment 

B06T7010A 

45 

931.48 

(systems tunnel) 

Forward center segment 

B06T7011A 

135 

931.48 

Forward center segment 

B06T7012A 

325 

931.48 

Forward center segment 

B06T7013A 

270 

931.48 

Forward center segment 

B06T7014A 

215 

931.48 

Forward center segment 

B06T7015A 

45 

1091.48 

Forward center segment 

B06T7016A 

135 

1091.48 

Forward center segment 

B06T7017A 

325 

1091.48 

Forward center segment 

B06T7018A 

270 

1091.48 

Forward center segment 

B06T7019A 

215 

1091.48 

Forward center segment 

B06T7020A 

90 

1258.98 

Aft center segment 

B06T7021A 

45 

1411.48 

(systems tunnel) 
Aft center segment 

B06T7022A 

135 

1411.48 

Aft center segment 

B06T7023A 

325 

1411.48 

Aft center segment 

B06T7024A 

270 

1411.48 

Aft center segment 

B06T7025A 

215 

1411.48 

Aft center segment 

B06T7026A 

220 

1511 

ET attach ring 

B06T7027A 

274 

1511 

ET attach ring 

B06T7028A 

320 

1511 

ET attach ring 

B06T7029A 

45 

1535 

Aft segment 

B06T7030A 

135 

1535 

Aft segment 

B06T7031A 

90 

1565 

Aft segment 

B06T7032A 

30 

1701.86 

(systems tunnel) 
Aft segment 

B06T7033A 

150 

1701.86 

Aft segment 

B06T7034A 

270 

1701.86 

Aft segment 

B06T7035A 

45 

1751.5 

Aft segment 

B06T7036A 

135 

1751.5 

Aft segment 

B06T7037A 

325 

1751.5 

Aft segment 

B06T7038A 

270 

1751.5 

Aft segment 

B06T7039A 

215 

1751.5 

Aft segment 

B06T7040A 

30 

1821 

Aft segment 

B06T7041A 

150 

1821 

Aft segment 

B06T7042A 

270 

1821 

Aft segment 

B06T7043A 

0 

1847 

Rex bearing 

B06T7044A 

0 

1845 

Nozzle throat 

B06T7045A 

120 

1847 

Rex bearing 

B06T7046A 

120 

1845 

Nozzle throat 

B06T7047A 

240 

1847 

Rex bearing 

B06T7048A 

240 

1845 

Nozzle throat 

B06T7049A 

0 

1876.6 

Case-to-nozzle joint 

B06T7050A 

120 

1876.6 

Case-to-nozzle joint 

B06T7Q51A 

240 

1876.6 

Case-to-nozzle joint 

B06T7052A 

0 

1950 

Exit cone 

B06T7053A 

120 

1950 

Exit cone 

B06T7054A 

240 

1950 

Exit cone 

B06T7085A 

184.5 

486.4 

Igniter 

B06T7086A 

355.5 

486.4 

Igniter 

Note: Range 

= ±200T 




doc no. TWR-17545 vol I 


PAGE 121 



TTico^o^ CORPORATION 
SPACE OPERATIONS 


Table 

4-19. GEI List — RH SRM (360L006B) 

Instrument 

Location; 




|I; (deg):|| 

i^StaflohTi 

Case Location |§ 

B06T8003A 

270 

534.5 

Forward segment 

B06T8004A 

135 

694.5 

Forward segment 

B06T8005A 

45 

694.5 

Forward segment 

B06T8006A 

215 

694.5 

Forward segment 

B06T8007A 

270 

694.5 

Forward segment 

B06T8008A 

325 

694.5 

Forward segment 

B06T8009A 

90 

778.98 

Forward segment 
(systems tunnel) 

B06T8010A 

135 

931.48 

Forward center segment 

B06T8011A 

45 

931.48 

Forward center segment 

B06T8012A 

215 

931.48 

Forward center segment 

B06T8013A 

270 

931.48 

Forward center segment 

B06T8014A 

325 

931.48 

Forward center segment 

B06T8015A 

135 

1091.48 

Forward center segment 

B06T8016A 

45 

1091.48 

Forward center segment 

B06T8017A 

215 

1091.48 

Forward center segment 

B06T8018A 

270 

1091.48 

Forward center segment 

B06T8019A 

325 

1091.48 

Forward center segment 

B06T8020A 

90 

1258.98 

Aft center segment 
(systems tunnel) 

B06T8021A 

135 

1411.48 

Aft center segment 

B06T8022A 

45 

1411.48 

Aft center segment 

B06T8023A 

215 

1411.48 

Aft center segment 

B06T8024A 

270 

1411.48 

Aft center segment 

B06T8025A 

325 

1411.48 

Aft center segment 

B06T8026A 

320 

1511 

ET attach ring 

B06T8027A 

266 

1511 

ET attach ring 

B06T8028A 

220 

1511 

ET attach ring 

B06T8029A 

135 

1535 

Aft segment 

B06T8030A 

45 

1535 

Aft segment 

B06T8031A 

90 

1565 

Aft segment 
(systems tunnel) 

B06T8032A 

150 

1701.86 

Aft segment 

B06T8033A 

30 

1701.86 

Aft segment 

B06T8G34A 

270 

1701.86 

Aft segment 

B06T8035A 

135 

1701.86 

Aft segment 

B06T8036A 

45 

1751.5 

Aft segment 

B06T8037A 

215 

1751.5 

Aft segment 

B06T8038A 

270 

1751.5 

Aft segment 

B06T8039A 

325 

1751.5 

Aft segment 

B06T8040A 

150 

1821 

Aft segment 

B06T8041A 

30 

1821 

Aft segment 

B06T8042A 

270 

1821 

Aft segment 

B06T8043A 

180 

1847 

Rex bearing 

B06T8044A 

180 

1845 

Nozzle throat 

B06T8045A 

60 

1847 

Rex bearing 

B06T8046A 

60 

1845 

Nozzle throat 

B06T8047A 

300 

1847 

Rex bearing 

B06T8048A 

300 

1845 

Nozzle throat 

B06T8049A 

180 

1876.6 

Case-to-nozzle joint 

B06T8050A 

60 

1876.6 

Case-to-nozzle joint 

B06T8051A 

300 

1876.6 

Case-to-nozzle joint 

B06T8052A 

180 

1950 

Exit cone 

B06T8053A 

60 

1950 

Exit cone 

B06T8054A 

300 

1950 

Exit cone 

B06T8085A 

355.5 

486.4 

Igniter 

B06T8086A 

184.5 

486.4 

Igniter 


Note: Range = ±200 *F 
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Table 4-20. Field Joint Heater Temperature Sensor Lists (both motors) 


Instrument Location 

..No. (deg) Station Case Location 


LH SRM 


B06T7060 

15 

851.5 

Forward heater 

B06T7061 

135 

851.5 

Forward heater 

B06T7062 

195 

851.5 

Forward heater 

B06T7063 

285 

851.5 

Forward heater 

B06T7064 

15 

1171.5 

Center heater 

B06T7065 

135 

1171.5 

Center heater 

B06T7066 

195 

1171.5 

Center heater 

B06T7067 

285 

1171.5 

Center heater 

B06T7068 

15 

1491.5 

Aft heater 

B06T7069 

135 

1491.5 

Aft heater 

B06T7070 

195 

1491.5 

Aft heater 

B06T707 1 

285 

1491.5 

Aft heater 


RH SRM 


B06T8060 

15 

851.5 

Forward heater 

B06T8061 

135 

851.5 

Forward heater 

B06T8062 

195 

851.5 

Forward heater 

B06T8063 

285 

851.5 

Forward heater 

B06T8064 

15 

1171.5 

Center heater 

B06T8065 

135 

1171.5 

Center heater 

B06T8066 

195 

1171.5 

Center heater 

B06T8067 

285 

1171.5 

Center heater 

B06T8068 

15 

1491.5 

Aft heater 

B06T8069 

135 

1491.5 

Aft heater 

B06T8070 

195 

1491.5 

Aft heater 

B06T8071 

285 

1491.5 

Aft heater 


Note: Range = ±200 “F 

Required accuracy = ±1% 

Digital = 1 (sampling rate is given in samples per minute) 


4.11 RSRM Hardware 
Assessment 

(FEWG Report Para 2.11.2) 

4.11.1 Insulation Performance 

4.11.1.1 Summary. No gas paths 
through the nozzle-to-case joint poly- 
sulfide adhesive or any other anomalous 
joint conditions were identified. The 
internal insulation in all six of the case 
field joints also performed as designed, 
with no anomalous conditions. There 
were three recordable clevis edge 
separations (over 0.1 in.). No evidence of 
hot gas penetration through any of the 
acreage insulation or severe erosion 


patterns was identified. Complete 
insulation performance evaluation is in 
Volume III of this report. 

4.11.1.2 External Insulation 

a. Factory Joint Weatherseals. Two 
of the fourteen factory joint 
weatherseals showed signs of edge 
unbonds. No evidence of sooting or 
heat effects was found under any of 
these unbonds. The weatherseals on 
the remaining factory joints 
performed satisfactorily. All K5NA 
closeouts over weatherseal 
thermocouple leads were intact with 
no evidence of bondline failure. 


90339-4.123 


doc no. TWR-17545 vol I 
page 123 



Table 4-21. Ignition S&A Functional Test 


CORPORATION 

SPACE OPERATIONS 


* r- r- 
in w't u'» l“) 
1*1 1*1 i*'i r w 'i 

-7 m - r -m- 
*1 Oj *•,. ••■j 
0 J f*J '"■j Pj 


•7 */) f*j Pj 

*t 7 tf> u"; 
O u) w' J 
-T *r .» o 
cu f v <*j rj 

OJ -J -U 


N P P P 

T -T S 

fu Oj C*J - J 

.*.j Pj 





<3. 






i 




•j 

. 




L7 





-T 





>7 





•T 





»30 





03 





p; 


OJ 




r 





03 

i 




73 

1 




CTN 

• 




r- 




















r~ 





in 


CO 




c 





O 

l 





i 

i 

i 

i 




O 

! 




C ' 





E 





d 










«& 





<3 


E 

- 

- 

«/> 

- 

1 

i 

- 


-J 

- 

i 

i 


- 

.CJ 


i 

i 

i 

- 

*- 

*£* 

“ 

: 

- 

- 

- 

- 


- 

- 

- 

- 


- 

- 

u3 

- 


- 

- 

Ml 

- 


- 


i. 1 

- 


- 


V* 

- 


o 





i 



*3/ 


i 



J* 


i 



U> 







i 








-.0 





o 





o 





7 



*> 



CT* 







i 



r^. 





03 


i 



•7; 


i 








<D 

* 




r* 





»' 





P* 



aj 



0 


i 





i 

i 

• 

1 



E 


i 

i 

■ 

i 





i 

» 

i 





i 

i 

i 

i 













* 





si 





ci 



E 

~ 

r- 

- 

- 

4 

• 

1 

* 

- 


- 


! 

r 

1 


u*; 


- 

r 

i 

« 

l 

- 

-> 

” 

~ 

* 

i 

i 

i 

- 


- 

- 

i 

i 

i 




- 


“ 

- 

- 

- 


- 

r- 

- 

- 


- 

VI 

- 

- 


- 

V. 

- 

- 


01 





i 





( 


nj 



i 





i 


■T 



i 







V) 





Ml 





CO 





f\J 




UI 


CD 



i 


CO 



1 


V- 



i 


0 « 



i 





i 


c- 





o. 










r*- 





CD 




*> 





t 

i 

i 





i 

1 

1 


C 



i 

l 

l 


E 



i 

i 

i 


E 



i 

i 

i 







E 










6 





E 




& 




„ 

» 


„ 



1 

i 

i 

_ 



_ 

1 

i 

l 


_ 


_ 

• 

i 





i 

1 






_ 

„ 

w* 

__ 







« 







_ 

X-. 



M3 




i 

f' 




i 

u3 




i 

vD 




i 

•i3 




t 

vJ 















ID 





v> 





OJ 

ro 




i 

CO 




l 





i 





i 





i 

m3 





gS 





OJ 















C.J 

cr 




i 

r~ 




1 

c* 




l 

J3 




i 

<23 





di 





f~ 










r- 





N 





co 

& 




i 

t 

i 

& 




i 

1 

1 

si 




i 

l 

l 

E 




j 

i 

i 

6 




i 

i 

i 

6 





ci 





O 





d 




t 

1 

t 

E 





E 





i 

i 

i 





l 

1 

» 





i 

J 

i 





i 

i 

i 





i 

t 

i 

_ 










_ 









i 

» 

> 







in 

r- 

*3 

U .1 

i 

r- 


uJ uo 


m3 




i 

u» 

•C) 

m3 

J 

i 

o 

if* 

f' 

r- 

i 

m3 

o. 


m3 


■43 

m3 

■4'- 

vj 


i/3 

f*- 

>0 

Ml 


V3 

’3 

ui 

V) 

i 

ui 

in 

*X' 

O 



•x\ 

•i 1 

€ 

D 

i 

CO 

vi> 

<t 



■j 

0 ) 

•J 


l 

*^j 


U'l 

*r 

i 

mj 

-7 

■ji 

4- 


•J3 

■T 

•»3 

■T 



03 


-T 


03 


o 

CD 


O 

CD 

K 

tv 

i 


in 

•T 

C’J 


UI 

CP 

a 

Si <ji 

l 

p" 

crj 


a: 



CP 


<Xj 

i 

c J 

<7' 

Qj 


i 

02 

O' 

XI 

O- 

i 

o 

7*- 

Vi 

P- 


r*- 

r-- 

OJ 

T- 


P- 

Vi 

r*. 

r- 


r- 

P- 

r- 

p* 

l 

r- 

03 

p. 

aJ 


to 

t £ 

>e* 

o 

o 


Cj 

Q 


o 

i 


-s 

E 


i 

E 


E 


i 


E 


E 


E 

fJ 

E 

«> 





E 


si 

si 

E 

E 


ci 

IT-' 


E 

i 

fii 

E 

<& 

ui 


8 





< 





i 

1 





1 

1 





i 

i 





i 

i 




















l 

l 






s 





1 





1 





i 





i 





i 




















i 






a, 

-* 

— 

— 

— 

i 

— 


«► 

•- 

1 

-- 

— 

— 

— 

1 


-* 

— 

*-* 

i 

— 

~ 

— 

— 

i 

— 

-* 

— 

— 


— 

— 


— 


— 


*-* 

— 


— 

— 

— • 

-* 

i 

— 

— 

X- 

— 





LlJ 

LU 

• 



Ui 

w 

1 



UI 

U 

i 



Ui 

lxl 

• 



lxl 

UJ 

j 



UJ 

UJ 




UJ 

UJ 




lxl 

UJ 




lxl 

UI 

i 



lxl 

UJ 



t 

E 

u. 


♦ 


c 



i 

E 


u 

u 

1 

F 

E 

u. 

l*. 


E 

r 

lx 

lx 

i 

E 

c 

lx 

lx 



E 

lx 



F 

F 

lx 

Ll 


E 

r. 

u. 

u 

i 


E 

U 

l». 



a 

a. 


a 

t 

Cl. 

Cr 

fr 

'J 

1 

cr 

cc 

Ct 

a 

i 

O'. 

cr. 

If 

X 

i 

ir 

Cl 

Cl 

■ J 

i 

ct 

CL 

C 

cr 


i i 

cr 

<Z 

cr 


X 

ctr 

(I 

a 


LC 

cr 

X 

a 

i 

DC 

<7. 

V 

a 



a 

a 

v» 


i 

a 

a 

V> 

U3 

1 

X 

X 

03 

Vi 

l 

a 

X 

tn 

to 

i 

a 

CL 

in 

VI 

i 

a 

a 

VI 

a. 


a 

a 

in 

v> 


x 

a 

UI 

tn 


<L 

cr 

Vi 

tn 

i 

a 

a 

ip 

UI 



X 

X 

* 

r 

i 

X 

X 

X 

X 

i 

T 

X 

X 

X 

i 

X 

X 

X 

— 

i 

X 

X 

X 

X 

i 

X 

T 

X 

X 


X 

X 


X 


X 

X 

X 

X 


X 

■7* 

X 

X 

i 

X 

* 

x 

X 



— J 

£ 


X 

• 

i 

_1 

a. 


a: 

i 

i 

-J 

1 

X 

— 1 

1 

tr 

1 

i 


cr 


cr 

i 

• 

-j 

t 

Cl 

— • 

cx 

» 

-j 

cr 

-J 

<r 


_i 

a. 

rj 

cr 


-j 

cr 

-J 

CC 


-J 

CC 

•J 

1 

cr 

i 

_j 

<r 

J 

cr 




— 



i 










1 

JL 




• 


Jm 


J, 

r 

J, 


«L, 

1> 





JL 


_ 

i. 

1. 

J, 





*, 

» 

J, 


JL, 

J, 




:< 



• 

■x 

X 

>• 

X 

i 

>-. 

>* 

X 


i 

JX 


X 

>*. 

i 

X 

X 



i 


X 




X 


X 



H 

H 






X 

X 









J 

,♦1 

| 



••■J 


ro 

• 

f>_* 

•'•j 


*n 

* 

■-■w 

CJ 

p3 


i 

Cj 

C-J 

o 

o'; 

i 

• u 

i-J 

*-i 

•*> 


<M 

•'■j 

n 

»n 


*‘m 

(‘J 

r-3 

r> 


OJ 

•■J 


t*‘. 




.*i 

,*i 




r 

•7 

•T 

i 

-7 

■J 


<7 

t 

*7 

*T 

•T 

-7 

i 

•7 

-r 


*7 

t 

*/■ 

» 

<r 

■j 

i 

•7 


j 

•»T 


'X 

•7 

-T 



•7 

•r 

•7 



■T 

•T 

■>T 

■X 

< 

•i 

•7 

•7 

7 




*3 

ai 


» 

33 

no 

03 

OJ 

* 

CO 

a> 

03 

CD 

t 


Cl 

!J.I 

cO 

t 

02 

CO 

a;. 

<7!i 

i 

CC 

03 

03 

03 



o.* 

03 

OJ 


OJ 

OJ 

«Ti 

V- 


03 

CD 

03 

CL, 

i 

03 

03 

*Si 

<0 







• 




'*.1 



’•J 


LJ 

i 

«-■ 

'•J 


C.J 

i 


OJ 


'.0 

i 

• « 

f J 


OJ 



C*; 

— — 

•:u 



*>j 


• •J 



•• J 



i 


<*J 


OJ 





X 


i 

w*. 

X 


X. 



**. 

X 


i 

X 




i 


X 

X 



X 

X 

K 

X 




X 



>: 



>* 


X 


X 


i 


i-i 

X 






n 


* 

■n 

i n 


iT» 

i 

IA 

u3 

O 

:/• 

i 

in 

ir;i 

03 

in 

i 

in 

bl 

u2 

U3 


ill 

Hi 

ui 

»n 


Ui 

in 

ui 

«'« 


V> 

ui 

tol 

ui 


ui 

ui 

V) 

Li 

i 

in 

in 

ui 

Vi 





v‘» 

u, 

i 

in 

in 

u'l 


l 

l»*. 

w*» 

ui 

in 




m 

«n 

i 

in 

u'» 

w'i 

ii3 

i 

111 

ui 

U'l 

ui 


u'l 

in 

JjP 

ui 


ui 

ui 

y* 

u*» 


ui in 

ui 

U'l 

i 

ui 

ui 

ui 

1/1 



*'■ 

■ 2 * 

iS, 

- 4 

i 

i 

<Lt 

C£- 

A 

a. 

t 

» 

itj 

Cu 

it* 

A 

i 

X. 

CD 

X 

03 

i 

i 

Ci i 

Xi 

Ui 

a 

i 

X 

iU 

A 

X 


1 X 1 

OJ 

Ui 

cu 


A 

ill 

a* 



CD 

A 

A 

a. 

i 

1 

A 

A 

a a> 







i 

i 

- 


« 

- 

J 

1 

- 



- 

1 

i 

— 



- 

i 

i 


« 



i 

1 

— 

— 

— 

- 


— 





- 


— 

— 




~ 


i 

i 


x. 






i- 

*\ 

c- 

i 

& 

CTl 

r* 


i 

V* 

o> 

P' 

& 

1 

m 

V* 

V' 

cp 

• 

T 

a- 

& 

& 

1 

i 

<7> 


Itl 

os 


rrs 

CP 

CP 



fls 

O 

a* 

O 


CP 

O 


cr» 

1 

CP 

CP 

& 




1 



- r 

i 

K» 

J 

Aj 

-7 

1 

Pj 

■/ 

• >J 

n 

i 

f-J 

-7 

AJ 

* 

i 



r> 

iD 

1 

i'U 

in 


*-T 


Oj 

:t 

■>J 

or 



ui 

C'J 

Ui 


• u 

ui 

••J 

-T 

i 

PJ 

7 

1*1 

in 



* 


7 

t 

i 


l.t* 

Pj 

U** 


C* 

i*3 

m3 

Cf' 

i 

C«J 

in 

nj 

** 

i 


»*3 

•n 

o. 

i 

m3 

r*» 

<& 

— 


<0 

— 


•r> 


• i3 

<7> 

<s# 

I'l 


o f.'i 

<i 

r- 

1 

<7 

P- 

to 




J 


E 


i 

i n 

iri 

P3 




Tj 

r-* 

I'- 

i 

vT 

■r 


oj 

i 

*i" 




i 

rn 

pi 

J 



Mj 

r- 

-7 

♦ 


c‘< 

pi 

r- 

i-i 


CO 

OP 

>u 

m3 

i 

E 

1*1 

ii 

-i 



UI 

L'* 

i r. 


< 

•7 

•T 

y* 

ir. 


> 

<T 

<r 

7 

i 



■**l 



uO 

ir, 


p> 

1 

»r 

*■7 

in 

Ui 


r. 

-p 




l‘U 

<14 

pi 

P> 


-7 


ui 

ui 

i 







Pi 



l m \ 





■A 

l 

/■ 

• . 

r-. 


i 

CJ 

03 


a'l 


o 

tn 

c- 


* 

CD 

CT* 

O' 

r« 


<£V 

c» 

o 

(fV 



<4 

<s> 

G* 


fL 


5i 


i 







T 

•r 

•/ 


i 


•r 

•T 

•T 

■ 

.t? 



.r 

i 

T 

■J- 

sf 

■•v 

t 


-j 

■7 

w 

i 

-T 


<T 

*7 


u’; 

•j* 

UI 

u < 


ui 

Li 

u‘i 



Ui 

Li 

ui 

Li 

i 

irt 

in 

ui 

<n 



M 

*■ i 


• t 

i 

Pj 

•>j 



l 

r,J 

<J 

'•J 

'*.1 



r.J 

c<J 

<ij 


i*.i 

■ -j 



l 

OJ 

*'*J 

<*J 

'J 



• *j 

i-j 

•’.j 


i’U 

PJ 

C*j 

Pj 


■'J 

Of 

■*J 

t‘J 

i 

• ■j 

C>J 

pj 

•*j 



'■j 

' j 

<*j 

' j 

t 

i 

r 

**J 

"J 

'•J 


i 

i 

i 



'} 

‘•J 

i 

i 


'•J 

Oj 

C-J 

i 

i 

i 

fu 

c*j 

^•J 


» 

i 

1 

CJ 

OJ 

OJ 

Ij 

| 

OJ 

C-J 

' u 



C.J 

C-J 

• o 

•■J 


•J 

Oj 

.'j 

ft 

t 

i 

i 

•\j 

•;*j 


•,ll 







• 

i 

* 




« 

i 

i 

i 

— 




i 

i 

i 

— 



w 

i 

i * 
i 





i 

i 

l 




— 

1 









_ 





— . 

i 

i 

i 


X- 


— 






Lu 

i 



UJ 

UJ 




UI 

U> 

i 



Lxl 

OJ 

i 



J 

UJ 

l 



UJ 

UJ 




UJ 

lxl 




UJ 

UI 




lxl 

UJ 

i 



UJ 

lx? 



r 



U 

■ 

r 

r 


ti 


E 

s; 

IJL 

Ll 

i 

E 

£ 

Ik. 


i 

X 

E 

LX 



r 

F 

lx 

lx 


E 

X 


lx 


1? 


lx 

lx 


X 

E 

l*. 

lx 

i 

n 

E 






- 



i 

cr 

Cl 

a 

a 

i 

1 c 

or 

cx 

a 

i 

oc 

cr 

a 

cr 

• 

ri 

IT 

or 

a 

i 

cr. 

CC 

n 

Ct 


ft 

CC 


X 


X 

X 

<z 

a 


o; 

cr: 

a 

<s. 

i 

0 ? 

cr 

a 

CT 



** 


*n 

U> 

i 

a 

<r 

Vi 

f.H 


c. 

X 

Vi 

V) 

i 

<Z 

cr 

Vi 

ui 

i 

<T 

a 

Lll 

Vi 

i 

a 

e 

Vi 

Vi 


C 

<r 

■ 'l 

01 


d 

a 

in 

in 


a 

a 

V) 

VI 


a 

a 

V* 

in 



X 

T 

T 

T 

i 

X 

X 

X 

X 

i 

X 

X 

X 

r 


X 

X 

X 

X 

t 

X 

X 

X 

X 

i 

X 

X 

X 

X 


X 

X 

x: 

- 


X 

X 

X 

X 


X 

■± 

X 

T 


r 

j? 1 ' 

i 

-x 



—i 

i 

a 

7 


i 

• 


6C 


Cc 

i 

i 

1 

cc 

i 

_J 

• 

CL 

i 

i 

-i 

n. 

_J 

1 

cr 

i 

i 

,j 

i 

O’. 

1 

_J 

Cc 

1 

i 

1 

_j 

cr 

l 

_J 

Cl 


7 1 

T 

—4 

iz 

i 


_, 

1 

cr 

i 

-j 

i 

a: 

r 


*i 

i 

Cc 

-J 

1 

CC 

1 

i 

i 

•J 

i 

1 

i 

V 

l 


X 

> 


x 

i 

i 

" 

X 

X 


i 

i 

>» 

X 

X 


i 

l 



7 


i 

i 


X 

X 


1 

i 

>*• 

X 


£ 


y 

X 





**: 

>*. 

X 


>i 

X 

7 

X 

i 

i 

>»• 


•? 

X 

1 

1 



c> 

' j 

r<i 




CiJ 

Pj 

i 

o 


CJ 

C«J 

1 



<’>j 

Pj 

i 



<u 

'■J 

i 

o 

5i 

*'J 




n 

**j 

C : 


o 

ifJ 

cu 

OJ 


cit 

7, 



i 


Ci 


OJ 

t 



CL 


C/ 

i 


O 



i 


<fy 

o 







i 





1 

Z.J 

Ci 

•fy 



f. 





4V 

-Si 

O 

r. 


*4 


'y 

*V- 

i 


c 


O 

i 






i 



€> 


1 

o 

F3 


ft 




p- 

4v 

i 




O'y 

i 

*0 

O 

O 




r # 




Py 

fV 

03 

/j 



c 



i 




0> 

1 






i 

r"*j 

'7‘ 

IO 

■r 

i 

P 1 

•7 

1*1 

<r 

i 

r* 

•j 


c 

i 


-» 


•T 

i 

l"»'l 

<r 

to 

-T 


i*i 

j- 

f-: 



rl 

.r 

1*1 

-r 


(•> 

‘T 


7 

i 

<*i 



••r 

» 






> 

j: 

x: 

t: 

*/. 

1 

X 

X 


X 

< 


X 

jl 


i 



*: 

3 : 

i 

X 

2 C 

X 



X 





y 

X 

X 



X 


X 

lx 


X 

X 

-i' 

X 

l 


L3 



u'» 

i 

in 

in 

<n 


i 

in 

L3 

■n 

ui 

i 

ifi 

U'l 

111 

Ui 


t*J 

u‘i 

ui 

u'- 

i 

u7 

lA 

Ui 

u> 


111 


n 

Ui 


u’l 

l/l 

U'l 

tn 


ui in 

Ui 

ul 

i 

U’l 

ill 


ji 

1 


•n 

i r. 

U 7 

in 

i 

iTj 

•n 

ui 

m 

i 

L3 

m 

V) 

ill 

i 

in 

in 


■j3 

! 



■j1 

tn 


ui 

ui 

ui 

y'l 


in 

ui 

tn 

iTi 


to* 

ui 

in 

•r« 


ui 

ui 

ui 

«'• 

i 

i/I 



ll > 

l 


iXl 

ct 

CO 

CO 

i 

i 

i 

uj 

CLi 

& 

iCi 

i 

l 

1 

X 

iii 

iXi 

X 

1 

i 


Xi 

A 

CO 

1 

I 

Oj 

fii 

l2 

X 

t 

i 

I 

JO 

X 

a. 

X 


CJ 

(Xt 

IX, 

A 


Ji 

*“ 

a* 

UJ 


A 

A 

Vi 

A 

i 

i 

i 

lO 

A 

*** 

U4 

1 

1 

1 


in 

m 

*1 

F'I 

t 

i 

t 

pi 

PI 

m 

«r 

1 

t 

1 


p3 


ro 

1 

1 

i 

PI 

r*. 

cO 

P3 

i 

1 

m 

i 0 

1*1 

n 

t 

1 

i 

!•■» 

»*1 

in 

n 


CO 

l*i 

l*'l 

r*t 


fO 

n 

in 

••7 


m 

•7 

•7 

-7 

i 

i 

1 

•T 

7 

7 

7 

1 

l 

i 


7 

CD 

OJ 

■J 

i 

vT 

33 


<D 

i 

v»J iA 

co 

'•j 

1 

u3 

•T 



1 

-3 


U3 

ri 

1 

Vi 


■£i 

Cj 


Oj 

sX3 

•J] 

4V 


■7 

Ci 

oj 

o 


fu 

*j3 

C'J 

•43 

i 

0 ? 

AJ 

o; 

•'•J 

i 



0 ) 

li'* 


r 

03 


*7 

u3 

1 

i 


f*3 

<n 


i 

t 

«0 


V* 





X 


i 

i 


0 


-7 


— 

o> 

W1 

OJ 



*fV 

»n 

111 


rl 

U'l 

r* 

CT* 

i 

1 

M4 

0 * 

C j 

1 * ■ 

l 

l 



M <0 «C/ -> 

- - r. j .- j 

flO CO tfj <z 

7 7*7 s 
f 't ftj «*vl '■> 
•|J *:o <*J rl 


CO a tp 
t) V- 17 'r 
«nj rj ^ «\j 
N e* *'• OJ 


•v o; O c, 

^ ir u i in 
7 - O' ?• <T* 


u> u> in rn 
O f> **« — 
o 6 C 6 


(C J' *-l> »L! 

■-j ■ j m in 
», <£, 

;*j i-> u t 


CO CO ill j‘J 
•7 O' li*i ui 
Ci O ti Ji 

ui m in in 
*'y oj ”j f-j 
«'J Oj Cu Oj 


m m in ip 
• u *' J oj <v 
'•J Oj Oj A j 


GRKsJrMl PAGE fS 

OF POOR QUALITY 


doc no. TWR-17545 vol I 
page 124 



CORPORATION 

SPACE OPERATIONS 

Table 4-22. S&A Device Activity Times for 
360L006 (STS-34R) 

18 Oct 1989 (at T-5 min) 

Rotation times LH 0.888 sec* 

(arm command to arm 

indication) RH 0.969 sec* 

*The data sample rate is live times per second; therefore, 
the actual rotation times could be ±0.20 sec 

Two unbonds were identified on 
the aft edge of the weatherseal on 
the LH forward segment cylinder-to- 
cylinder factory joint. At 0 deg, the 
unbond measured 6.6 in. circum- 
ferentially and extended to a maxi- 
mum depth of 1.75 inches. Water 
was leaking from this unbond and 
corrosion was observed on the case 
under the unbond. At 45 deg, an 
unbond was observed which 
measured 2.0 in. circumferentially 
and extended to a maximum depth of 
0.75 inch. No leakage or rust was 
observed at this unbond. Both un- 
bonds on this factory joint failed 
adhesively between the Chemlok 205 
and the case. 

One unbond was observed on 
the forward edge of the weatherseal 
on the LH forward segment dome-to- 
cylinder factory joint. This unbond 
was located from 225 to 248 deg and 
measured 28.5 in. circumferentially 
to a maximum depth of 2.05 inches. 
This unbond also showed adhesive 
failure between the Chemlok 205 and 
case. Paint was peeled up from the 
case and attached to the edge of the 
weatherseal intermittently along the 
unbond. 

Corrective actions taken to 
alleviate the unbond problem are: 

• Additional conscan and surface 
finish inspections have been added 

• All pin retainer band cleaning will 
be done before assembly to elimi- 
nate potential contaminants 

• An investigative team has been 
established to further assess 
problem 


b. Stiffener Stubs and Rings. The 
insulation over the stiffener stubs 
and rings was in good condition. The 
EPDM was well bonded to the stif- 
fener stubs and appeared to be well 
bonded to -the stiffener rings. 

4.11.1.3 Nozzle-to-Case Joints. 

Based on the visual evaluation, both 
nozzle-to-case joints performed well. No 
gas paths through the polysulfide ad- 
hesive or any other anomalous conditions 
were identified. The disassembled joints 
showed the failure mode was 95 percent 
cohesive in the polysulfide, 5 percent ad- 
hesive failure to the fixed housing 
phenolic on the LH motor. On the RH 
motor, the failure mode was 100 percent 
adhesive to the nitrile butadiene rubber 
(NBR). Inadequate prefire NBR surface 
preparation was evident on the RH 
motor. This failure mode did not affect 
joint function. One void was identified 
in the polysulfide adhesive on the LH 
nozzle-to-case joint, measuring 1.5 in. 
longitudinally by 0.5 in. circumferentially. 
The polysulfide vent slot fill on these 
motors was 38 and 57 percent for the LH 
and RH motors, respectively. One 
insulation-to-case unbond was noted at 
the nozzle boss of the LH motor. The 
unbond occurred in a prefire repair area 
and measured 2.3 in. circumferentially by 
0.23 in. deep. 

4.11.1.4 Field Joints. All of the case 
field joint insulation was in good condi- 
tion with uniform erosion and heat ef- 
fects. Good adhesive contact was evident 
on all field joints. Wet sooting observed 
outboard from the remaining material on 
the tang and clevis, due to splashdown, 
ranged from 0.0 to 1.40 inches. Probing 
of the clevis insulation bondline revealed 
no unbonds exceeding the 0.30-in. depth 
postfire engineering evaluation limits 
requirement. The maximum observed 
unbond was 0.22 in. deep, identified on 
the RH center field joint. Some tang 
edge separations were visible; however, 
measurements and further evaluation will 
be conducted at the Clearfield H-7 
facility. 
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Intermittent crazing/cracking was 
noted on the radius region on the clevis 
insulation of the RH forward center 
segment, measuring approximately 2.0 in. 
circumferentially. Evaluation showed 
there was no measurable depth to the 
crazing/cracks and the condition had no 
adverse effect on the performance of the 
joint. No other crazing/cracking was 
observed on any other joint. Further 
evaluation will be conducted at the 
Clearfield H-7 facility. 

All NBR inhibitors and stress relief 
flaps performed as expected with no 
abnormal erosion or tears. 

4.11.1.5 Ignition System Insulation. 

The igniter chamber insulation, as well 
as the igniter-to-case joint insulation for 
both igniter joints, showed normal 
erosion. One blowhole through the putty 
of the LH igniter, adapter-to-igniter 
chamber at 70 deg was present. The 
blowhole measured 0.85 in. circum- 
ferentially at its widest point. A blowhole 
was also observed through the putty of 
the RH igniter, adapter-to-igniter 
chamber joint at 0-deg. The blowhole 
measured 0.45 in. circumferentially at its 
widest location. No soot was visible on 
either inner gasket. 

Minor insulation flashing was ob- 
served on the igniter boss on LH forward 
dome. 

4.11.1.6 Internal Acreage Insulation. 
Blisters were noted in the carbon fiber- 
filled (CF)/EPDM of the aft dome region 
on both motors intermittently around the 
circumference. The largest blister 
occurred at 0 deg on the RH aft dome 
insulation and measured approximately 
4.5 in. circumferentially by 5.5 in. axially. 
The material was separated between plies 
of virgin insulation. A sample of the 
CF/EPDM was taken for further analysis 
where the worst blistering occurred. The 
overall appearance indicated there was 
normal erosion with no pocketing and no 
problem with thermal safety factors. 

No abnormal erosion or unusual 
conditions were noted for the remainder 
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of the internal acreage insulation. In- 
sulation depth measurements and sam- 
ples were taken from the forward domes 
of both motors. Initial evaluation 
revealed no major voids or thin areas. 
Further evaluation will be conducted at 
the Clearfield H-7 facility. 

4.11.2 Case Component 
Performance 

4.11.2.1 Summary. Evaluation of the 
steel case indicated the hardware per- 
formed as expected during flight. Com- 
plete case evaluation results are in 
Volume II of this report. 

4.11.2.2 Stiffener Stubs, Stiffener 
Rings, and ET Attach Stubs. The 

stiffener rings and case stubs sustained 
typical water impact damage. Ten bolts 
were missing from the LH center stif- 
fener ring assembly, six from the LH aft 
stiffener ring assembly, and eight from 
the RH center stiffener ring assembly. 

The LH 90- to 210-deg center 
stiffener ring section had deformed holes 
from 188 to 208 deg. No cracks or war- 
page were found. The LH 210- to 
330-deg center stiffener ring had one 
deformed hole at 212 deg. The LH 90- 
to 210-deg aft stiffener ring section had 
web cracks at 192 and 206 deg and a web 
buckle at 193 deg. All other stiffener 
rings on the LH motor were in good 
condition. Slight warpage of the LH aft 
stub was also found at 192 and 194 deg. 
No outer or inner ligament cracks were 
found in any of the stubs. 

The RH 330- to 90-deg center 
stiffener ring had a web crack for 40 to 
44 deg. All other stiffener rings on the 
RH motor were in good condition. Three 
elongated bolt holes were found on the 
RH center stub between 34 and 38 deg. 

Pieces of stiffener ring Insta-Foam 
were missing on all rings. These were 
predominantly outboard locations due to 
splashdown loads, leaving clean 
substrates. Cracks in the K5NA under- 
neath the foam due to impact damage 
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were noted on the LH aft stiffener ring 
and both center stiffener rings. 

Based on missing Insta-Foam, the 
cavity collapse load centerlines for the 
RH and LH motors were estimated to be 
at 30 and 210 deg, respectively. 

4.11.2.3 Field Joints. The case field 
joint surface conditions were as expected. 
Fretting ranged from light on most joints 
to locally heavy on three joints, with the 
RH aft field joint being the worst 
(deepest pit was 0.010 in. at 240 deg and 
a 0.006-in. deep pit at 246 deg. Fretting 
was moderate from 185 to 202 deg). 
Figure 4-123 provides a subjective sum- 
mary of the fretting. 

Corrosion pitting was observed on 
the inner clevis leg inner diameter in the 
capture feature seal area on the RH 
center and aft field joints intermittently 
from 220 to 300 deg. The maximum pit 
depth was 0.003 inch. Pitting was also 
observed on the LH center tang field 
joint inner diameter lead-in ramp at 280 
deg. 

4.11.2.4 Nozzle-to-Case Joint. The 
nozzle-to-case joint on both motors was 
in excellent condition. There were no 
signs of metal damage to any of the 
sealing surfaces or bolt holes, or heat- 
affected metal, corrosion, or damaged 
bolts. 

4.11.2.5 Igniter-to-Forward Dome 
Joint. The igniter-to-forward dome joint 
on both motors was in excellent 
condition. There were no signs of metal 
damage to any sealing surface or bolt 
holes, or heat-affected metal, corrosion, 
or damaged bolts. 

4.11.3 Seal Performance 

4.11.3.1 Summary. Evaluation of the 
field and factory joints indicated the 
internal seals performed as expected 
during flight. All internal seals, includ- 
ing the redesigned field joint seals and 
nozzle-to-case joint seals, appeared to 


have performed well with no hot gas 
leakage evident. Complete evaluation is 
in Volume II of this report. 

4.11.3.2 External Factory and Field 
Joints. There was no evidence of com- 
bustion product leakage from any joint. 

4.11.3.3 Exit Cone Field Joint. All 

exit cone field joint components on both 
motors were in good condition. The 

O-rings were free from erosion, heat 
effect, or any other damage, and the 
sealing surfaces and O-ring glands were 
devoid of soot, debris, or damage. The 
grease condition was nominal. Light 
intermittent oxidation was observed on 
the forward face of both aft exit cones 
between the O-ring grooves. All other 
metal surfaces were in good condition. 

4.11.3.4 Case Field Joint. Inspection 
of the field joint seals revealed no 
anomalous conditions. All motor pres- 
sure was contained by the insulation 
J-joint. There was no corrosion or 
damage found on any of the O-ring 
sealing surfaces. The V-2 filler was also 
found to be in excellent condition. None 
of the vent ports was obstructed by the 
V-2 filler. The grease application was 
nominal. 

4.11.3.5 OPT, Special Bolts, and 
Special Bolt Plug Seals. There was 
no evidence of gas leakage past the 
primary seals on any of the OPTs. The 
LH and RH primary seals saw pressure 
but there was no soot observed on them. 
Soot deposits were observed on the tips 
of the transducer threads and up to the 
primary seals. All of the seals performed 
nominally. 

Special bolt primary seals were in 
excellent condition and performed as 
expected. Special bolt plug seals were 
also in excellent condition. All LH and 
RH igniter special bolts experienced 
typical light soot, up to the primary 
O-ring and on the end of the special 
bolts. 
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Figure 4- 123. Overall Field Joint Fretting Observations 
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4.11.3.6 Ignition System Joint. The 
seals of the S&A and igniter outer and 
inner gasket seals revealed no erosion or 
heat effect. Pressure did not reach 
either inner or outer gasket on the LH 
or RH motors. 

Soot was found on the inside 
diameter (ID) edge of the LH S&A gas- 
ket. Soot was found up to the primary 
seal on the RH S&A gasket from 15 to 
25 deg. 

Putty was observed up to and in the 
primary seal void region on the RH outer 
igniter gasket aft side. A problem report 
was written against this condition and 
was elevated to an IFA (STS-34-M-3). 
Tighter putty layup and igniter in- 
stallation controls have been 
implemented based on recent tests per- 
formed at Thiokol. A corrective action 
implementing these improved processes 
has already been implemented on STS-33 
and STS-32 at KSC, and was also 
implemented on STS-36 and subsequent 
igniter installations at Thiokol. The RH 
outer gasket had one small depression on 
the primary seal forward face at 306 deg. 
The environmental seal was torn from 
175 to 330 deg. The RH inner gasket 
had one small depression at 160 deg on 
the aft face inner primary seal. Medium 
corrosion was also noted on the forward 
face of the retainer. 

Putty was present on the aft face of 
the LH outer gasket from 261 to 297 
deg, extending to a maximum radial 
distance of 0.11 in. inboard- of the ID 
edge. This gasket also had three small 
depressions on the aft face of the secon- 
dary seal. The forward face had one 
small nick and a depression on it. The 
environmental seal was torn intermit- 
tently. 

The LH and RH igniter inner joint 
Stat-O-Seals were in good condition. 
Only one Stat-O-Seal was torn due to 
disassembly. 

4.11.3.7 Nozzle-to-Case Joint. The 
overall joint condition was excellent on 
both motors. Motor pressure was halted 
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at the polysulfide adhesive, leaving the 
fluorocarbon O-rings untouched. No 
obvious disassembly damage was noted on 
the wiper O-rings. The LH and RH 
nozzle-to-case joint Stat-O-Seals were in 
good condition. 

4.11.3.8 Vent Port Plugs. The case 
field joint and nozzle-to-case joint vent 
port plugs and seals on each motor were 
in excellent condition. One out of eight 
vent port plugs showed typical primary 
O-ring extrusion damage caused by as- 
sembly. The remaining seven primary O- 
rings had extrusion impressions. The 
vent port plug O-rings showed no 
evidence of heat effect. The fluorocar- 
bon O-rings, glands, and metal surfaces 
of the plugs were free of soot, debris, 
and corrosion. 

4.11.3.9 Leak Check Port Plugs. 

The leak check port plugs and seals on 
the LH and RH motors in the case field 
joints, nozzle-to-case joints, aft exit cone 
joints, and the ignition system joints 
were in good condition. None of the leak 
check port plug O-rings showed any 
evidence of heat effect. The fluorocar- 
bon O-rings, glands, and metal surfaces 
of the plugs were free of soot, debris, 
and corrosion. 

4.11.4 Nozzle Performance 

4.11.4.1 Summary. Postflight evalua- 
tion indicated both nozzles performed as 
expected during flight, although splash- 
down loads tore the 45-deg LH actuator 
bracket from the aft exit cone shell. 
Phenolic erosion was smooth and normal. 
Complete evaluation is in Volume V of 
this report. 

4.11.4.2 360L006A (LH) Nozzle 

a. Aft Exit Cone. The aft exit cone 
was severed by the linear-shaped 
charge (LSC) during parachute 
descent. The radial cut through the 
glass-cloth phenolic (GCP) appeared 
nominal, with no anomalies observed. 
Some carbon-cloth phenolic (CCP) 
liner was missing and portions of 
the GCP insulator were torn and 
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delaminated. These are typicalp post- 
flight observations, and occur during 
exit cone severance and at splashdown. 
The exposed GCP plies showed no 
signs of heat effect. 

The only observation outside the 
RSRM nozzle experience was the 
detached nozzle rock (45-deg) actuator 
bracket. Splashdown loads caused 
part of the bracket to remain with the 
actuator rod end and remnants of the 
bracket were left on the compliance 
ring. Part of the aluminum aft exit 
cone shell and part of a GCP layer 
remained attached to the bracket. 
The remaining actuator brackets 
showed only minor paint scratches, 
scrapes, and chips due to actuator 
removal. The primer remained intact 
and no metal damage or loose bolts 
were observed. 

There were no separations be- 
tween the polysulfide and the aft exit 
cone shell observed. Postflight mea- 
surements of the polysulfide groove 
radial width showed that the GCP 
insulator did not pull away from the 
aluminum shell during cooldown. 

The room temperature vulcaniza- 
tion (RTV) backfill was below the joint 
charline 360 deg circumferentially. 
An RTV void was found at 93.8 deg. 
There were no blowpaths to the void 
area. Void size was about 1.0 in. 
circumferentially by 0.4 in. axially. 

b. Forward Exit Cone Assembly. 
The CCP liner was intact and showed 
smooth erosion for the forward 
15 inches. Moving aft, the next 5 in. 
had missing CCP, but no heat effect 
to the GCP. The aft 14 in. had CCP 
intact with typical dimpled erosion 
approximately 0.1 in. deep radially. 

c. Throat Assembly. Erosion of the 
throat and throat inlet rings was 
smooth and uniform, with no 
wedgeouts or popups. 

d. Nose Inlet Assembly. The nose cap 
had minor wash areas on the forward 
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12 in. (0.05 in. deep' radially). The 
rest of the nose cap had smooth 
erosion, except for postburn, popped- 
up, charred CCP on the aft 2.3 in. 
intermittently around the circum- 
ference. There were also postburn 
wedgeouts on the aft 2 in. at 20 to 
105 and 300 to 360 (zero) deg, with a 
0.7-in. radial depth. 

The -503 ring had smooth 
erosion and intermittent minor impact 
marks, typically 0.3 in. in diameter 
and 0.05 in. deep. The -504 ring had 
smooth erosion, no impact marks, and 
no wedgeouts or popups. 

e. Cowl Ring. The cowl ring showed 
the typical ridged erosion (0.06 in. 
deep). This is due to the low ply 
angle. A postburn wedgeout of 
charred CCP was observed along the 
entire length of the cowl (about 7 in.) 
from 20 to 60 deg. It had a radial 
depth of 0.7 inch. Postburn wedge- 
outs were found on the aft 2.5 in. 
from 0 to 70 deg (1.3 in. radially), 
70 to 140 deg (0.7 in. radially), and 
160 to 360 (zero) deg (0.8 in. radially). 

The cowl/outer boot ring (OBR) 
bondline broke during splashdown. 
The gap between the two rings 
measured least at 0 deg (0.06 in.) and 
most at 225 deg (0.58 in.) 

f. Outer Boot Ring. The OBR had 
postburn wedgeouts on the forward 
1.6 in. of the ring from 50 to 67, 190 
to 228, 245 to 276, and 316 to 344 
deg. They were 0.7 in. deep radially. 
There were typical postburn 
delaminations in the aft end along 
the 35-deg ply wraps. These were 0.6 
to 1.9 in. deep axially. The aft tip 
adjacent to the flex boot was typically 
fractured and wedged out. 

g. Fixed Housing Assembly. The 
fixed housing insulation erosion was 
smooth and uniform. The forward 
2 in. of the fixed housing CCP 
showed typical postburn wedgeouts of 
charred CCP intermittently around 
the circumference. The maximum 
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radial depth of the wedgeouts was 
0.5 inch. 

4.11.4.3 360L006B (RH) Nozzle 

a. Aft Exit Cone. The aft exit cone 
was severed by the LSC during 
parachute descent. The radial cut 
through the GCP appeared nominal, 
with no anomalies observed. Some of 
the CCP liner was missing and 
portions of the GCP insulator were 
torn and delaminated due to 
splashdown and exit cone severance. 
The exposed GCP plies showed no 
signs of heat effect. 

The 45- and 135-deg actuator 
brackets showed minor paint scratches 
resulting from actuator removal. The 
primer remained intact and there was 
no metal damage or loose bolts 
observed. 

There were no observed separa- 
tions between the polysulfide and the 
aft exit cone shell. Postflight 
measurements of the polysulfide 
groove radial width showed the GCP 
insulator did not pull away from the 
aluminum shell during cooldown. 

The RTV backfill was below the 
joint char line 360 deg circum- 
ferentially. An RTV void was found 
at 202 deg. A white residue was 
found on the forward exit cone CCP 
at this location. Laboratory analysis 
is under way. There were no 
blowpaths to the void area. Void size 
was about 1.4 in. circumferentially by 
0.35 in. axially. 

b. Forward Exit Cone Assembly. 
The CCP was intact with smooth 
erosion for the forward 14 inches. 
Moving aft, the next 6 to 7 in. had 
CCP missing, but no heat effect to 
the GCP. The aft 14 in. had CCP 
intact with typical dimpled erosion 
0.1 in. deep. A wedgeout was ob- 
served from 10 to 75 deg. It was 
located 7 in. from the aft edge of the 
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forward exit cone and measured 3.5 in. 

axially. 

c. Throat Assembly. Erosion of the 
throat assembly was smooth and 
uniform, with no wedgeouts observed. 
The center 3 in. of the throat ring 
had typical dimpled erosion (0.05 in. 
radial depth). 

d. Nose Inlet Assembly. The nose cap 
had minor wash areas on the forward 
12 in. (0.05 in. deep radially). Slag 
deposits were noted on the forward 
18 in. from 325 to 35 deg (through 
zero). A postburn impact mark on 
the outer diameter at 63 deg 
measured 1.5 in. axially by 1 in. 
circumferentially by 0.25 in. radially. 
Another postburn impact mark at 
47 deg and 4.5 in. from the aft end 
measured 1 in. axially by 2 in. cir- 
cumferentially by 0.1 in. radially. 
Postburn wedgeouts of charred CCP 
were found on the aft 2 in. at 20 to 
45, 68 to 181, 220 to 262, 283 to 300, 
and 310 to 350 deg. 

The -503 ring had smooth 
erosion and a large number of impact 
marks, typically 0.2 to 0.3 in. in 
diameter and 0.05 to 0.1 in. deep. 
Some marks had slag in them. One 
impact mark at 210 deg was 2.1 in. 
circumferentially, 0.45 in. axially, and 
0.09 in. radially, and also had slag. 
The -504 ring had smooth erosion and 
a postburn wedgeout at 165 to 170 
deg on the forward end. It measured 
6.0 in. circumferentially, 0.2 in. 
axially, and 0.95 in. radially. 

e. Cowl Ring. The cowl ring showed 
the typical ridged erosion (0.1 in. 
deep) on the forward 5 inches. 
Wedgeouts were found on the aft 
2.6 in. at 70 to 90, 100 to 160, and 
230 to 260 deg. They were 0.8 in. 
radially. The cowl/OBR bondline was 
intact and measured 0.12 in. 

f. Outer Boot Ring. The OBR had 
one wedgeout from 230 to 250 deg on 
the forward end measuring 1.7 in. 
circumferentially and 0.77 in. deep 
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radially. Typical postburn delam- 
inations were found in the aft end 
along the 35-deg ply wraps, and were 
0.5 in. deep. The aft tip adjacent to 
the flex boot was typically fractured 
and wedged out. 

g. Fixed Housing Assembly. The fixed 
housing insulation erosion was smooth 


and uniform. The forward 2 in. of the 
fixed housing CCP showed typical 
postburn wedgeouts of charred CCP 
intermittently around the circumference. 
The maximum radial depth of the 
wedgeouts was 0.5 inch. 
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